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STANDARD-SETTING AS AN INTEGRATIVE EXERCISE: ALCHEMY, 
JUGGLING, OR SCIENCE? - D.V.Bates. University of British 
Columbia, Vancouver, BC, Canada V6T 1W5 


Although there is still controversy over the value 
of standards to protect * the public against harmful exposures, 
it seems dear that •* they are needed -when some exposure 
cannot be avoided (such as exposure to common - air pollutants), 
and where high exposures have clearly been responsible for 
adverse effects. The setting of a standard requires two kinds 
of integration; the first is the consideration of scientific 
data from animal . exposures, controlled human exposures, 
and epidemiology’; and the second is the balancing of the. 
scientific data with social and political considerations. The 
whole process, and both types of integration, require simultaneous 
consideration of 'facts* and 'values’. . 

The first type of integration is based p on the preparation 
of a 'criteria' document of some kind - essentially a statement 
and critique of the available scientific evidence; the balance 
of emphasis in this requires judgements of relevance to any’ 
possible standard, as well as a close examination of the 
consistency, or lack of it, between data derived ~from the 
three kinds of information. It is important in this process 
for there to be appreciation that ioformation .can be different 
in kind; although it may be regarded as being more or less 
'scientific', in the sense of being more or less easy to refute, 
all may be relevant to standard-setting. There is danger 
in attempting to make an , 'a priori' division on the basis 

of 'relevance* as this may lead to concealment of value 

judgements on a 'quasi-scientific* basis. 

- * The role of formal risk analysis in this process 
limited, and it requires careful definition. A judgement that 
involves a balance of disparate data, is now regarded by 
research workers in the field of Artificial Intelligence, as 
a process requiring the most complex interplay of data analysis; 
it is a characteristic of the human mind that has not been 
successfully imitated even by the most complex computer 
programmes. The total process of standard.-setting should 
be as open as possible, and a clear differentiation between 
what would be reuired if scientific data alone were considered, 
mA the modification needed on social or political grounds, 
is a basic requirement for credibility'. A major benefit of 
a structured process is the thorough periodic review of the 
scientific data base which it requires. 


SPECIES DIFFERENCES Ifc INHALATION TOXICOLOGY:* VARIATIONS IN 
EXPOSURE-DOSE RELATIONSHIPS AND MACROPHAGE FUNCTION - 
. J.D. Brain , Respiratory Biology Program, Harvard School of 
‘Public Health, Boston, HA 02115, U.S.A. 

It remains-difficult to extrapolate experimental data from 
one species to another aS well as from animals to hymans 
because of interspecies differences. A complete and systenr 1 - 
atic description of anatomic and functional differences 
among commonly used laboratory animals in inhalation toxi¬ 
cology is lacking. This paper reviews species differences 
in relation to aerosol deposition,*clearance, and the type 
and magnitude of biological .response to inhaied gases and 
particles. Different species of animals breathing the same 
aerosol' do not receive identical lung doses, and thus ex¬ 
posure concentration is not an adequate description of lung 
dose. Parameters that affect the magnitude and distribution 
of particle retention include differences in ventilation, 
breathing pattern, collection efficiency, lung anatomy, and 
clearance mechanisms. Differences in lung macrophage func-'* 
tion among laboratory animals will also be emphasized. We 
have observed significant differences in the rate at which 
insoluble radioactive gold particles are phagocytized by 
macrophages of different species in vivo . The rate at 
which free particles become macrophage-associated is fastest 
in the Syrian golden hamster and slower in rats and mice. 
These in vivo differences are not explained by in Vitro 
studies of phagocytic activity of lung macrophages from 
the same species or by differences in the numbers of macro¬ 
phages per unit weight or fr om thes e variations, 

interspecies differences in substance metabolism and innate 
biological responsiveness may .^lso influence the extent of 
lung damage even in cases where lung^dos«s-*re_egual. 

Further experiments and a comprehensive view of species 
differences with predictive power is greatly needed. 
(Supported by grants HL-31029 and ES-00002 frgm the 
National Institutes of Health) 
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CELL POPULATIONS OF THE RESPIRATORY SYSTEM: INTERSPECIES 
DIVERSITY IN COMPOSITION, DISTRIBUTION AND MORPHOLOGY - 
C*G. PTopper , A. Weir, J. St. George, N. Tyler, A. 

Mariassy, D. Wilson, S. Nlshlo, 0. Heldslek and D. Hyde, 
University of California School of Veterinary Medicine, 
Davis, CA 95616. 

The major site for pulmonary Injury resulting from In¬ 
haled toxins Is the epithelial lining of respiratory 
airspaces. The extrapolation to humans of Inhalation 
toxicology studies using animal models assumes compara¬ 
bility In tracheobronchial epithelial populations of 
model species and humans. Using airway microdissection 
and selefrfeiaje embedding techniques for Thght^ajid electron 
microscopy, wfc-hAve compared the epithelium lining the 
tracheobronchial airway tree of a numberofmammalian 
species Including macaque-monkeys, sheep, rabbits and 
rats. The epithelium of t^e ^Ttstal trachea varies 
between species In the types of secretory^gel1s present 
and In the abundance of all the cell typesp?eseo£* The 
bronchioloalveolar junction varies between species 
degree bf-ajveolarlxatlon, abundance of ciliated and 
basal cells and^jn Clara cell ul£rastructure. In a single 
species, the abundancoof basal, mucous^Clara and 
ciliated cells varies bfctwe^n trachea, bronchi and bron¬ 
chioles. The chemical compositlco of*the stored secretory 
product of the trachea varies between species from 
predominantly sulfated to mixed sulfated and acidic to 
predominantly neutral. The amount of secretory product 
stored In granules per unit surface area of basal lamina 
varies In different airway levels In the same species. 

We conclude that there Is a high degree of diversity In 
tracheobronchial epithelial composition among maimallan 
species. This diversity Includes variation at the same 
airway level In different specles.^at different airway* 
levels In the same species. In types of cells present. In 
abundance of cells present, and In carbohydrate content 
and amount of stored secretory product. 

* * . 

Supported by grants HL28978, ES00628 and DRR00169. 


COMPARATIVE METABOLIC BASIS FOR THE DISPOSITION AND TOXIC 
EFFECTS OF INHALED MATERIALS - A. R. Dahl , Lovelace 
Inhalation Toxicology Research Institute, Albuquerque, NM 
87185 

The inhalation route of exposure is unique in that the 
inhalant may be substantially metabolized in the nasal 
cavity or the lungs. The pattern of tissue exposure to* 
both Inhalants and metabolites of the inhalants may be 
considerably different than when the same substance is 
administered by any other route. For example, inhalant 
metabolites formed in the nasal cavity subsequently may 
be swallowed, thus exposing the alimentary tract to 
potential toxicants. On the other hand, metabolites 
formed in the lung may be cleared via the blood, thus 
exposing the heart to relatively nigh concentrations of 
metabolic products. Knowledge of the rates of 
respiratory tract metabolism for different inhalants, the 
site of metabolism (i.e. nasal or pulmonary), the 
products of such metabolism, the fate of metabolites 
produced In the respiratory tract, the effects of 
concentration or coadministration of a second inhalant, 
and differences in respiratory tract metabolic capability 
among animal species indicates that such metabolism may 
Indeed be important in determining the toxic effects of 
inhalants. For example, knowledge, of the nasal 
metabolism of hexamethylphosphoramide (HMPA) in rats and 
benzo(a)pyrene (BaP) in Syrian hamsters has been used to 
explain the carcinogenicity of these compounds when 
inhaled; and, demonstrated differences in the lung tissue 
metabolism of butadiene among animal species, including 
man, is proving useful in extrapolating animal toxicity 
data to man. [Research performed under U.S. Department 
of Energy Contract No. DE-AC04-76EV01013.] 


y ' 



•rip:-, 

J k' 


• h { - ' * - 




* SoiifcS: https\//www.ihdustrydocurrients.ucsf.edu/docs/fnnhl00p0 










J 


AN INTEGRATED SCREENING METHOD FOR EVALUATING THE TOXICITY 
OF INHALED PARTICULATES: VALIDATION OF THE METHOD - DB 
Warheit , Du Pont-Haskell Lab* Newark, DE, USA. 

i 

There is a great need for the development of a rapid and re¬ 
liable bioassay to evaluate the toxicity of inhaled part- 
ides. A number of methods have been proposed- Including 
.clearance studies, lavage analyses and in vitro cytotoxicity 
tests. These methods are often limited in scope inasmuch as 
they measure only one dimension of the pulmonary response to 
inhaled, instilled or Incubated dusts. Accordingly,-a comp¬ 
rehensive approach to lung toxicity studies has been devel¬ 
oped. The method has been validated by exposing rats either 
to silica (Si-alpha quartz) or carbonyl iron (Cl) particles. 
; Rats were exposed to aerosols (100 mg/m^) of Si or Cl for 3 
or 6 hrs or 3 days. Recovery periods included 0, 24*. A8 ... 
hrs, *8 days, 1,2, and 3 months postexposure, The lungs from 
one group pf sham and dust—exposed rats was lavaged. After 
centrifugation, the supernatant was measured for protein and 
LDH. The cell pellet was counted and measured for viability, 
ififf erential and cytochemical analyses. Subsequently, these 
cells, primarily pulmonary macrpphages (PM), were cultured 
and studied for morphology and in vivo phagocytosis by scan- 
~~n1ng tlrriron microscopy (SEM). Additional PM were cultured 
for in vitro chemotaxis and phagocytosis. Another group of 
sham and'dust-exposed rats was subdivided into two groups. 
Group A was perfusion-fixed through the vasculature for lung 
digestion-clearance studies. Group B was airway fixed for 
hlstopathology (LM), SEM and TEM, where particle deposition 
and translocation to interstitium or lymph nodes, early 
cellular responses, and in situ chemotactic and phagocytic 
responses by alveolar and airway macrophages were evaluated. 
Our results showed that although particle deposition 
patterns for the 2 dusts were identical, brief doses of Si 
elicited a permanent inflaranatory response (PMN) concomitant 
with Increases in LDH and proteins in the lavage (p<0.01) 

PM functional capacity was depressed (p<0.05). Inflam¬ 
matory lesions could be observed by hlstopathology within 1 
-month* after exposure. In contrast,-6 hr or 3 day exposure to 
Cl produced no cellular, cytotoxic or permeability changes 
at any time postexposure. PM function was either enhanced 
or unchanged from controls. Evidence supports the conclu¬ 
sion that silica is-substantially more toxic to the lungs 
than Cl and serves to validate this method as a reliable 
bloassay for evaluating the lung toxicity of inhaled 
materials. 
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A MULTIDIMENSIONAL APPROACH TO THE CHARACTERIZATION OF 
ACID AEROSOLS FOR HEALTH EFFECTS - C.A.Franklin and 
B.Stern, Environmental Health Directorate, Department of 
National Health and Uelfare, Ottawa, Canada K1A 0L2. 

To assess the toxicity of long range transported air pol¬ 
lution And its potential adverse effects on human health, 
the description and characterization of the transformation 
products (e.g. H 2 SO4, NH4 HSO4, and (NH4)2 SO4) that com¬ 
prise a major portion of the pollutant mixture are essen¬ 
tial. In a multiphase study we first developed a model 
detailing some mechanistic hypotheses for the action of 
acid - particulates on the tracheobronchial region of the 
human lung* It was used to calculate the size range of an 
acidic particle, large enough to carry sufficept acid to 
deliver a localized irritant pulse and small enough to 
penetrate to the tracheobronchial region where epithelial 
tissue is relatively unprotected by tlie mucus layer* The 
mass median aerodynamic diameter (MMAD) of such a particle 
was estimated to be in the range of 0*5 to 2*0 microns, 
taking into consideration the deposition efficiency of 
, particles, the diameter of the airways, the acid content 
of the incoming particles per unit weight, and the effect 
of neutralization by ammonia in the upper respiratory f 
tract. Second, the size distribution of acid particles 
during long-range transport events in southwestern Ontario 
in the summer of 1986 was monitored, using two modified 
multi-stage cascade impactors that were run concurrently* 

The Impactors had a cutoff diameter for each of their six 
stages of 3*0, 2.6, 1.0, 0.6, 0.2 and 0.1 urn, respective¬ 
ly. One of the impactors was connected to a humidifying 
system which allowed for hygroscopic growth of particles, 
to simulate conditions in the upper respiratory airways. 
Preliminary data indicate that over 90Z of the acid frac¬ 
tion was present in particles less than 1 micron MMAD* 

The data generated from the theoretical model and from 
environmental monitoring permit a more precise and biolo¬ 
gically relevant characterization of ambient acid aerosols 
which is essential for the design and interpretation of 
critical studies in air pollution epidemiology and animal 
toxicology* 
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CELLULAR APPROACHES TO ASSESS THE TOXICITY 07 AIRBORNE 
TOXICANTS ’ON AIRWAY EPITHELIAL PATHOPHYSIOLOGY. 

George Leikauf, University of Cincinnati, Cincinnati, OH 
U5267-0I82 

' j 

The airway epithelial cell has a unique role in pul- 
nonary defense. The epithelial cell "sees" inhaled toxi¬ 
cants first and in the highest concentrations. To defend 
the airways, this cell is equipped with various harrier and 
secretory capabilities (including ion transport, with pas¬ 
sive water movement, and mupus secretion), which enact 
dilution, formation of protective barriers, and removal of 
inhaled pollutants* through mucocilliary clearance. Detail¬ 
ed elevation of these functions and the underlying cellular 
.regulatory mechanisms would be aided greatly by the employ¬ 
ment of in vitro cell systems. To examine the effects of 
inhaled toxicants on the airway epithelium, cells from 
bovine trachea were isolated { 2 % dispase, 5mM dithiothrei- 
tol) and grown to confluency on collagen-coated dishes. 

The resulting""CeH.jnoftolayers were examined employing 
lighttransmits ion canning electron microscopy. 

Cells in .culture retained a^diat^nct-membrane polarity 
characteristic of epithelial cells^ The apical membranes 
were covered with' short microvilli, coated with a glyco- 
calyx, and occasional cilia. These membranes were clearly 
distinguished from the basolateral membranes which consist¬ 
ed of smooth, interdigitating processes. Cells in culture 
developed distinct Junctional complexes containing desomo- 
somal structures and membrane fusions (tight Junctions). 
Within each cell, extensive networks of keratin microfila¬ 
ments were observed by electron and indirect immunohisto- 
--logical epifluorescent microscopy. Cell monolayers were 
‘‘-exposed to ozone in vitro using specially designed expo¬ 
sure chambers containing rotating, inclined platforms. 
Following exposure, the release rates of various arachi- 
donic acid metabolites were assessed, and ozone induced 
unique arrays of cyclooxygenase and lipoxygenase products 
depending on the exposure concentration. These studies 
clearly demonstrate the feasibility of employing newly- 
developed in vitro cell culture methods to assess the 
pathophysiologic effects of airborne toxicants on the 
airway epithelium. 
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IN VITRO / EX VIVO INVESTIGATIONS ON THE EFFECTS OF 
CARCINOGENS AND POTENTIAL LUNG IRRITANTS TO LUNG 
AND LIVER CELLS - B.L. Pool , P. Aulenbacher*, R.G. Klein, 
P. Schmezer, and WJ. Zeller,. Institute tor Toxicology and 
Chemotherapy, German Cancer Research Center, and * Thorax 
Clinic Rohrbach, 6000 Heidelberg, F.R.G. 

♦ 

The influence of common air pollutants on the induction of 
cancers by environmental carcinogens has' not been studied 
sufficiently to date. Therefore a collaborative study has been 
initiated to assess the toxic, genotoxic and carcinogenic 
effects of air contaminants (SO*, NO,, Benzo(a)pyrene and 
N-Nitrosodimethylamine) alone and m combination using in vitro 
and in vivo methods. For this, the local and systemic 
effects of various air pollutants is being investigated in a 
longterm 'carcinogenicity assay in the rat. In analogy to this 
bioassay, cells are being explanted after in vivo pretreatment 
with SO 7 /NO,, alone or in combination with the carcinogens 
and are being subsequently assayed in vitro for cytotoxicity 
and genotoxicity, as well as for their capacity to metabolize 
carcinogens to bacterial mutagens. These studies are directed 
toward the elucidation of additional local and systemic biolo¬ 
gical effects, .hich may be caused by 'the compounds. In 
vitro, human tung cells (to assess the susceptibility of the 
relevant species) and fetal hamster lung cells (to assess the 
susceptibility of the repiratory system in early developmental 
phases) are being assessed for toxic and genotoxic effects 
induced by the air pollutants, atone and in combination. 

So far following effects have been observed: 

1. Hi vivo application of SO* does not systemicatly affect the 
in vitro generation of toxic or genotoxic effects of N-Nitroso- 
dimethylamine, or the toxic effects of Benzo(a)pyren to liver 
cells. 

2. SO* and NO w alone or in combination are toxic** to fetal 
lung celts, when determining the plating -efficiency, but not 
when the exclusion of trypan blue is taken as the parameter 
of toxipity. The additional effects on genotoxicity are being 
elucidated. 

3. Human lung cells are capable of metabolizing N-Nitrosodi- 
* methyiamine and N—Nftrosomethylbenzytamme to genotoxic 

intermediates. Therefore, they may be used 'to study the 
influence of SO*/NO, on the induction of genotoxic events 
^induced by-,these compounds. 

In conjunction to the ongoing longterm bioassay, these and 
future results are anticipated to yield a reasonable data base 
for estimating human ri^k according to the parallellogram 
npprpach. 









CYTOTOXIC, MUTAGENIC AND CARCINOGENIC EFFECTS OF 
AIRBORNE PARTICULATES ON HUMAN AND RODENT TISSUE 
CULTURE CELLS: A COMPARATIVE STUDY FROM A HIGHLY 
INDUSTRIALIZED AREA OVER A PERIOD OF 11 YEARS 
(1975- 1986) - N.H.Seemayer , W.Hadnagy, R. 
Tcmingas and N.Manojlovic, toedizinisches Institut 
fUr Umwelthygiene an der UniversitSt, Gurlittstr. 
53, D-4000 DUsseldorf, F.R.G. 

Epidemiological studies reveal a higher incidence 
of lung cancer ifn industrialized regions. Air 
pollutants, especially airborne particulate matter 
which Contains more than 500 various chemical 
substances are supposed* to. be responsible, for 
this phenomenon. 

Samples of airborne particulate matter were col¬ 
lected at various places of the heavily industri¬ 
alized Rhine-Ruhr atea (F.R.G.) between 19Z5 and 
1986. Extracts and fractions of airborne parti¬ 
culate matter were prepared with organic solvents 
andquantitatively transferred to dimethyl sulfo- 
xide. 

We report about cytotoxic, mutagenic and carcino¬ 
genic effects of extracts and fractions of air¬ 
borne particulates on human and rodent tissue cul¬ 
ture cells. 

Cytotoxicity is evaluated by loss of cell via¬ 
bility of human and rodent macrophages and by 
reduction of "plating efficiency".of human and 
rodent lung cell lines in^itro. Mutagenicity is 
shown by induction of "sister chromatid exchan¬ 
ges" in human lymphocyte cultures and Chinese 
hamster lung cell line V 79.; Furthermore, "point 
mutations" at the HGPRT-gene locus of V 79 cells 
are presented. Carcinogenicity is demonstrated 
by "enhancement" of malignant cell transforma¬ 
tion of Syrian hamster kidney cultures, infected 
with Simian virus (SV-)40. 

We present data on dose-effect relationship of 
various samples of airborne particulates and 
*discuss aspects of risk evaluation. 
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BIOCHEMICAL AND FLOW CYTOMETRIC ANALYSES FOR THE EVALUATION 
OF INHALATIVE HAZARDS: 

LONG-TERM EXPOSURE TO CAOMIUM AEROSOLS 
F. Otto, 0. Hochrainer and U. Glaser ^ 

Fraunhofer-Institut fUr Umweltchemie und Okotoxikologie 
0-5948 Sthmallenberg-Grafschaft 

To improve the feasibility and evidence of toxicological 
and genotoxicological studies in rats continuously exposed 
to CdO, CdS and combinations of CdO and ZnO aerosols we 

used biochemical analyses and flow cytometric measurements 

* 

of lungs cells. The bioavailabitity of these water insoluble 
compounds was determined by AAS-analyses of various tissues. 
Analyses of lung lavage showed informations on the cyto¬ 
toxic action of the inhaled aerosols, but also increased 
abundances of alvealar macrophages and enhanced prolifera- 

" t 

tion rates of theJung cells detected as increased frac- 
tions of $-phase cells. 

The accessory lobes of the lungs were used for flow cyto¬ 
metric measurements. It was found that inhalation of Cd 
containing aerosols resulted in an increased variability of 

the nuclear ONA content indicating a genotoxic action of , 

* • 

the treatment. 

This induced variability of the cellular DNA content was 
significantly increased already after 3 months of exposure 

to 30 ug/m 3 cd as CdO. The strongest effect wfcs found after 

3 * ' 

18 months of exposure to 90 ug/m Cd as CdS. 

Combined CdO and ZnO exposures were shown to be antagonistic. * 
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BENZ Q£A8-DI0L-9,10-EP0XIDE(BPDE) -DNA-ADDUC T S 
AND HONO-OXYGENASE ACTIVITIES IN MICE TREATED WITH 
CIGARETTE SMOKE(CS) OR BENZO(A)PYRENE(BP) IN VIVO - N.M. 
Bjelogrlic , M.Iscan, O.Pelkonen and K.Vahakangas, 
Department of Pharmacology, University of Oulu, SF-90220 
Oulu, Finland. 

CS contains e^.g. BP, which is carcinogenic to animals. 
The" ca/cinogenic activity is generally thought to be 
di3e to metabolic activation of BP by mono-oxygenase and 
epoxide hydrolase to BPDE which then binds covalently to 
guanine in DNA. We have studied the formation of BPDE- 
DNA-adducts and mono-oxygenase activities in vivo in 
mouse after CS and BP exposure. Mice(C57BL/6) were 
exposed to CS for 3, 5 orJI6 days in a chamber where 
smoke and fresh air were lead alternatively. Another 
group of mice was”injected i.p. by BP(4-80mg/kg). BPDEr 
DNA-adducts in lung and liver DNA were analyzed by * 
synchronous fluorescence spectrophotometry(1).' Mono¬ 
oxygenase activities were measured in tissue 
^homogenates. ,The level of BPDE-DNA-adducts was below 
the limit of the assay. ( lOfmol/IOOug DNA) in both 
. tissues studied after CS exposure even though aryl" 
hydrocarbon hydroxylase (AHH) was induced about 25-fold 
in' lung after 3 days exposure and 7-ethoxyresorufin 0- 
deethylase (ERDE) about 2-fold in liver after 3 and 5 
days exposure. The lowest dose of BP needed to get 
detectable levels of BPDE-DNA-adducts in both tissues 
was 20mg/kg. AHH was clearly induced in lung after BP 
exposure but less than with CS exposure. In liver AHH- 
activity was increased only by BP. ERDE was maximally 
induced in both tissues even with the lowest doses of BP 
used. Thus, AHH-activity may not be a good indicator 
for the relevant activation pathway of BP. 

1« Vfihakangas et al., Carcinogenesis 6:1109, 1985. 
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ACUTE BRONCHIOLAR DAMAGE OF BROMOBENZENE INHALATION IN 
MICE AND RATS - J.E. Dahl . K. Aarstad, 0. Nilsen and E. 
Dybing. Department of Toxicology, National Institute of 
Public Health, Oslo, and Department of Pharmacology and 
Toxicology, University of Trondheim, Trondheim, Norway. 

Bromobenzene, 1 a well known hepa to toxin, has also been 
found to produce bronchiolar Clara cell injury in mice 
after intraperitoneal or oral administration (Reid et 
al., 19*3; Forkert, 1985). In the present study, the 
bronchiolar effects of bromobenzene inhalation were 
investigated in mice and rats. 

a 

Sprague Dawley rats and C57BL/6 mice were exposed to 0, 
250, and 1000 ppm of bromobenzene for 4 hr and killed 2 
days after termination of exposure. By inserting a 
cannula in the truncus pulmonalis through an incision 
of the right cardial ventricle, the lungs were perfused 
by buffered saline followed by glutaraldehyde‘fixative. 
Blocks of 1 mm T were taken from the lungs and embedded 
in Vestopal tf. Sections were cut and stained with 
methylene blue-azure II-basic fuchsin and double 
stained with uranyl acetate and lead citrate for light 
microscopic and transmission electron microscopic 
studies, respectively. 

r 

In the mice exposed to 250 ppm of bromobenzene, the 
bronchiolar ; Clara cells demonstrated extensive 
cytoplasmic vacuolization and, to some degree, 
exfoliation. In contrast, the ciliated cells appeared 
as in control animals. Injury to the entire brochiolar 
epithelial .lining was observed in mice exposed to 1000 
ppm bromobenzene. The ciliated' cells were highly 
vacuolated and necrotic changes had taken place in the 
Clara cells. No bronchiolar effects of bromobenzene 
inhalation were evident in rats. Thus, in mice, 
inhalation exposure * to bromobenzene caused acute 
bronchiolar injury comparable to that seen after 
.intraperitoneal or oral administration. 

This study was supported by The Royal Norwegian Council 
for Scientific and Industrial Research. 
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SOLUBILITY STUDIES ON AH INDUSTRIAL PLUTONIUM DUST - 
P P Foster . I Pearaan, MED Bains and D Raoadeo, * 

AEE Winfrith, Dorchester, Dorset* DT2 SDH . 

„ > 1 . ' ■ * 

0 

The ’solubility’ of alxed plutonlua/uraniua oxide fuels 
determines the validity of urine monitoring in assessing 
systemic burdens sad intakes* In-vitro studies of long 
term ’solubility’ over periods comparable with the 
residence time in the lungs was the objective of this 
project/ The magnitudes of* and variations in, solubility 
vlth time.for a particular fuel dust have »been studied for 
over two years using laboratory rigs simulating the human 
lung under carefully controlled conditions* These studies 
did not attempt to investigate any other removal 
mechanisms* The lung assemblies consist of a 
semi-permeable membrane containing the fuel"and lung fluid 
mixture* This is swept by blood simulant at constant 
1*5 lltres/day flow rate* Considerable efforts to 
describe the pore size and behaviour of the membrane were 
undertaken at the beginning of the experiment. 

Three experimental assemblies have been run in parallel. 
One of the assemblies contained transferrin in its blood 

Eplutlon da ta is compared for all three 
assemblies for pi«irnwii«m»M» T --«ignfi|ym and a mericium-241. * 

Interesting early conclusions are that^mser3 
is similar in all assemblies and that uranium transport 
exhibits a short half-life at about 2 to 5 days* 


ANALYSIS OF PHOSPHOLIPID/APOPROTEIN RATIO IN EXTRACELLULAR 
SURFACTANT AFTER EXPOSURE TO NITROGEN DIOXIDE OR A METHYL 
FURAN DERIVATIVE - F. Lawrence and K. Miller * British 
Industrial Biological Research Association, Carshalton, 
Surrey, SM5 4DS, U.K. 

Vfhereas it is well known that the surfactant system relies 
on the correct balance of constituent phospholipids to " 
maintain functional surfactant on the alveolar surface, the 
physiological role of the protein found in surfactant has 
not been elucidated. Equally, little is known of the 
relevant mechanisms regulating the system. Analysis of 
phospholipid/apoprotein ratios in extracellular surfactant 
% after exposure to toxic insult may therefore be of 
importance in determining these mechanisms. Extracellular 
surfactant recovered from hamsters exposed to either 
nitrogen dioxide (NO.) or 3-hydroxymethylfuran-N-ethyl 
carbamate (HFC) has shown raised levels of phospholipid 
compared to control animals but the composition of the 
phospholipids has remained essentially unchanged. We 
report here the development of a specific ELISA assay for 
the hamster apoprotein(s) and the analysis of phospholipid/ 
apoprotein ratios in surfactant from animals exposed to 
the above toxic agents. 

An antiserum to hamster extracellular-surfactant was raised 
in rabbits and the Ig fracti<m-pCirified by^abs^rption of 
^anti-serum a ctiv ity u sing^afflnity chroma tograph^against a 
CNBr^Sepharose coiumrTTinked to hamster serum protein^ 
Hamster surfactant was serially diluted for adsorption onto 
ELISA plates and probed for with a fixed concentration of 
the purified antibody. Animals were exposed to either I5ppm 
NO. for 24 hrs and lavaged immediately or given an i/v dose 
of 20mg/kg body weight of 3-HFC and lavaged after 48 hrs. 
NO. caused an increase of around 100% in the level of 
apoprotein recovered while 3-HFC gave an increase of around 
200%. Both these results are consistent with the increases 
found in the phospholipid levels after similar exposures 
and support the view that NO. and HFC act on the surfactant 
system by altering the control of the secretion, recycling 
or catabolism rather than by disturbing the synthesis of 
lipids or proteins directly concerned with functional 
surfactant. Since NO. and HFC both cause specific injury 
to the Clara cell in hamsters it may be implied that in 
this species the Clara cell could be involved in the 
control of the surfactant system. 












Source: https://www.industrydocuments.ucsf.edu/docs/fmhl0000 
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CYTO- AND GENOTOXIC EFFECTS OF AUTOMOBILE EXHAUST 
ON MAMMALIAN CELLS IN VITRO - W.Hadnagy and 
N.H.Seemayer, Medical Institute of Environmental 
Hygiene at the Oniversity, Dilsseldorf, FRG 


Ambient air, mainly of urban and industrial areas, 
contains a large number ofjphemical substances 
including mutagens/carcinogens. It is known, : 
that the main part *'bf mutagens/cardnogens ori¬ 
ginates front* various combustion sources as power 
plants, residential heating and also from auto¬ 
mobile traffic. We analysed the extract of part¬ 
iculate matter (EPM) from gasoline engine exhaust 
for cytotoxic and genotoxic properties using ma¬ 
mmalian cell cultures. In presence of EPM, no 
considerable loss of cell viability of mouse ma¬ 
crophages of cell line IC-21 and of Chinese ham¬ 
ster lung cells V7 9 was observed. On the contrary, 
using the. same EPM concentrations, a strolkj * 
dose-dependent reduction of plating efficiency 
yas foupd utilizing three different cell lines 
(Syrian hamster kidney cells 14-1b, human lung 
cell line A 549 and V79 cells). The latter ef¬ 
fect was found to be caused by a strong increase 
of so-called C-type mitoses revealing mitotic - 
arrest. The mitotic index Of about 2% from con¬ 
trol values raised up to 14.6% for IC-21 cells 
and 38.4% for V79 cells. As a consequence of this 
effect on cells in mitosis, EPM led to aneuploidy 
and polyploidy in,V79 cells in a dose-dependent 
manner. Our results suggest, that automobile 
exhaust from gasoline-powered engines contains 
highly reactive substances which impair repro- - 
duative capacity of mammalian cells by mitotic 
arrest leading to the cytogenetic endpoint of 
aneuploidy and polyploidy which may be asso¬ 
ciated with cancer development. 




m 

URINARY METABOLITE PROFILES AND PHARMACOKINETICS 
OF ANTIPYRINtf IN SMOKERS AND IN EX-SMOKERS 
R. SCHUPPEL/ H. BXSSMANN - Inst. Pharmakol.& Toxi- 
kol\ , Techr/. Univ. Braunschweig, FRG 


Due to inductive effects of smoke constituents on 
hepatic 0ytochrome-P-450-isoenzymes, the disposi¬ 


tion of/a number of drugs is found to be accelera¬ 


ted in/cigarette smokers. In order to analyse the¬ 
se inddctive effects, the disposition of the mo¬ 


del d£ug antipyrine has been assessed in heavy 
smokers by determining the complete urinary me^ 


smokers by determining the complete urinary meta¬ 
bolite profile of the drug along with its pharma¬ 
cokinetics from saliva. 

Urinary output of 12 phase-I and -II metabolites 
and unchanged antipyrine was measured over 43 h 
after a standard oral dose of 1200 mg antipyrine. 
Elimination kinetics of antipyrine was followed in 
saliva samples up to 56 h after dosing. 

Only small*, but statistically highly significant 
changes were observed in the urinary profiles for 
some metabolites in smokers, compared to a control 
group indicating a discreet derangement of the 
activity or specificity of phase-I and/or phase-II 
reactions involved. However, pharmacokinetic para¬ 
meters, derived from saliva samples, e.g. tota»l 
metabolic clearance or half-life time exhibited 
clear and significant differences, as expected. 

In a second series, pharmacokinetics of antipyrine 
has been followed in a group of ex-smokers (n=13) 
for up to 11 month after quitting * in Order to as¬ 
sess the time course of*normalization, if any, of 
pharmacokinetic parameters of the dtug. No infor¬ 
mation is yet available as to the persistence of 
inductive effects of sustained, inhalatory smoking 
Tests were performed sequentially about 4 waeV.s 
apart for each participant. 

As judged by either half-life time or total clear¬ 
ance values, there is no prompt normalization of 
pharmacokinetic parameters of antipyrine after 
quitting. Only part of the volunteers' studied ex¬ 
hibit a trend for normalization at all, which be¬ 
comes recognizable after 6-9 month, the rest ‘re¬ 
mains without clear-cut changes for up to 11 month. 
When the study was terminated. Results show, that 
induction of mixed-function oxidase in smokers ex¬ 
hibits marked persistence, not recognized as yet* 


-■ ■ . 


^ * 




Sourqe. https://vvww.industrydocuments.ucsf.edu7docs/fmhl0000 
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FACTORS CONTROL IN6 PARTICLE ELIMINATION AND 
PENETRATION IN THE LUNG: 

EFFECTS OF OUST MOPERTIES 

Ch.Y.LI. J.Bruch, E.Gono, B.Rehn, Instltut fiir 
Hygiene und Arbeitsmedlzln Uni versttatskllnlku* der 
Gesamthochschule Essen, Hufelandstr. 55, D-4300 

* 

Essen 1 

I v 

\ 

The specific harmful1 ness for Instance 

i 

flbrogenlclty or cancerogenlclty of dusts from 
various working places Is based on the dust 
deposited and stored In the lung parenchyma. 
Inhalation experiments were designed with the aim 
of estimating the range of factors controlIng dust 
elimination from the lung under conditions of 
occupational dust exposure. It was found that dusts 
from the mining Industry develop an approximately 
threefold variability of the elimination rate In 
dependancy from the mlnerajoglcal composition and 
the cytotoxicity. Other effective factors were the 
particle size distribution of the dust. The role of 
the cytotoxicity In vitro of dust In the 
pathogenicity of pneumoconioses Is discussed. 
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EXPOSURE FACILITIES AND AEROSOL GENERATION* AND 
CHARACTERIZATION FOR INHALATION EXPERIMENTS* 

W. Hollander, Fraunhoter Institute for Toxi¬ 
cology and Aerosol Research* Hannover/ West 
Germany 

In order to assess the risk involved-in using 
materials or processes releasing aerosols, it 
may be necessary to perform experiments.under 
veil controlled conditions. 

« 

Depending on Life problem, a vide variety of 
diffe^nt designs from whole body to nose only ^ 
exposure facilites have' been described in the ' 
literature. Depending on the animals' demands on 
temperature, humidity.*0 2 levels tne'ventilat- 
.ion rate has to be adjusted while simultaneously 
the requirement of aerpsol 'homogeneity even for 
different particle s£zes hds to be met. Design 
criteria are presented and the actual perform¬ 
ance of different designs.is discussed. 

Stable aerpsol generation vith respect to con- 
,, eentration and size distribution is of key im¬ 
portance to the quality of' the study. Different- 
methods laboratory generation (liquid 
• atomization, 0 dry redispersion, condensation/ 
radioactive labeling) as veVb.as reliable* 
production from combustion "sources (Diesel, coke 
ove‘n etcr) will *be presented vith examples. 

• » 4 * , 

» O 

, The deposition of particles in the naso¬ 
pharyngeal. broncheal and alveolar tracts- are 
determined to a' large extent by the physical 
properties of the aerosol.'while the effects of 
the deposited material are thought to depend on 
the mass. For these reasons, the aerosol has to 
be characterized? Different methods mainly with 
emphasis on the difect determination of mass 
Will bd discussed. In view of GLP conditions the 
Importance of -on line computer controlled 
aerbsol generation and characterizatign will be 
illustrated by examples. 


Source: https://www.i 
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COMRARISON AND INTERPRETATIONS OF DIFFERENT METHODS USED IN 

ACUTE AND SUBCHRONIC INHALATION STUDIES WITH POTENTIAL LUNG 
IRRITANTS WITH PARTICULAR ATTENTION TO PULMONARY FUNCTION - 
.MEASUREMENTS - J. PAULUHN, BAYER AG, Wuppertal-Elberfeld. 

The inhalation toxicity of/a non-volatile liquid has to be 
invesljigated as an qerosol. High aerosol concentrations may 
be generated by nebulizing these substancee vith or without 
an appropriate solvent or carrier and should be of maximum 
respirability for the animal species used. The atmosphere 
should be characterized as accurate as possible vith regard 
to the size distribution of particles and actual concentra¬ 
tion.in the vicinity of the breathing zone of the animals. 

TJbe results using different analytical procedures and equip¬ 
ment i.e. gravimetric and chromatographic techniques, the 
BERNER-cascade-impactor and the TSI-APS 33 Laser-Velocimeter 
are compared- with particular attention being payed to samp¬ 
ling efficiency, wall-losses, anisokinetic sampling biases 
and th*e calculation of number and mass related aerosol di¬ 
stribution-parameters. All the results show that the confor¬ 
mity of all analytical dat& is good when the basic require¬ 
ments* of aerosol physics are observed. 

v The effectiveness of a new exposure system is discussed in 
context vith the results of acute and subchronic isocyWiu- 
rate (Desmodur N 330^) inhalation studies# It has been de¬ 
monstrated that the results of lung function measurements 
\ (lung mechanics, lung volumes, flov-volume-time relationship, 
\acetylcholine-provocation test) agree both vith an altered 
body-weight - lung weight ratio arid^he histomorphological 
^ investigations. These studies revealed that there was a 
clear threshold for lung damage independent of the type of 

the study (acute, subacute, subchronic inhalation). 

\ J ‘ * 

The applicability and diagnostic value of the above mentio¬ 
ned lung function parameters have been demonstrated in rou- 
wtine inhalation toxicity studies vith deep and upper res¬ 
piratory .£ract -irritants using small number of animals 
(rats). 

All lung function measurements revealed that this technique 
is as sensitive as other sensitive post mortem evaluations 
performed in inhalation toxicity studies. But as this tech¬ 
nique can be performed repeatedly in a non-ihvaeive manner 
it provides a deeper qualitative and quantitative insight 
into toxic effects on the lung without sacrificing the ani¬ 
mal • • v 

* - ¥ 





m 






ucsf.edu/docs/fmhl0000 



















r 


* w 1 ► >• 

chronic Toxicity Inhalation STuniFS: protocols and . 

PITFALLS - P.fe. Morrow and R. Mennelstein*. University 
of Rochester and torox Corporation*, Rochester, NY USA 

^ «*'— . * 

Chronic, toxicity WstTng by the Inhalation route Is 

probably^the. most difficult to design, perform and 
Interpret of all testing routes,. The development of 
protocols for chronic Inhalation studies (2-year) 
depends upon pre-chronic study findings. Otherwise, 
sparse guidance is available to ttye Investigator who 
must choose exposure'levels that are both suitable for 
the needs of regulatory agencies e.g., revealing cardno 
genic effects, while meeting the criteria of the 
inhalation toxicologist and pathologist In matters of 
dosimetry and Ihterpretabillty of effects. This 
presentation considers many Important issues In the 
chronic exposure design and then describes. In 
considerable detail, a % strategy for setting chrgiHt 
exposure levels which minimizes the probablLH'yof over¬ 
loading the lungs by the use of pre-chronic study 
findings and appropriate resplratory-irodels. Evidence 
!* presented that excessive hjnrpartlculate levels lead 

i.. A C0ll |? r0 "[ S f, 0f _" 0l ^l : hoSt defense mechAlsms In the 
lungs, especially the^abtllty of the pulmonary 

tte^^^,^3^ n *!® c * te , part1culate t0)<1 cants out of 

to f**" 1, x In turn ' th1s condition appears 

to lead^to^Tung Injury of a non-specific nature 

Jt^S^n d 1n t th! Ve1 ! 1 ?4 the 1U " 9S " 0t ° n,y cau “ an 

I. ^ S®* ent1on »"<• disposition of dust 

■fnmlm l ^rt 1 !r 9 rN *!? a «ociated with the 

f1br °R en1c Jty and tumorlgenlclty, even 
when the dusts are generally regarded as InnocLous. 


CARCINOGENICITY PROTOCOLS - R. A. Criesemer , QakrlUdge 
National Laboratory, Oa)c Ridge, TN 37831.^-^ 

Carcinogenicity protocols for respiratory routes of exposure 
do not differ in principle^from those for other exposure 
routes. In practice^ftowever, inhalation bioassays in 
animals, require^apecial attention to exposure monitoring and 
to chamber^trelated alterations in respiratory function. The 
temptations to reduce costs through smaller group sizes, 
l&itfing of sexes in the same chamber, fewer concentrating 
levels, early sacrifice intervals, or deletion of chamber- 
control groups must be avoided. 


Because inhalation bioassays are cumbersome and expensive, 
few substances have been tested adequately by this means in 
spite of the importance of the respiratory tract as a 
target site and as a portal of entry for environmental 
chemicals. Alternate exposure modes that have been devel¬ 
oped include direct injections into the lung parenchyma, the 
pleural or mediastinal cavities, or into the bronchial 
mucosa; intratracheal injections; repeated topical applica¬ 
tions to localized sites by lavage or into heterotrans- 
planted tracheas; and* systemic administration. The most 
commonly'used model systems for respiratory carcinogenicity 
assays are Intratracheal instillations in Syrian hamsters 
and intratracheal or parenteral administration to strain A 
mice. The significance of induction of excess lung tumors 
in strain A mice that have a high spontaneous background is 
analogous ^to that of induction of liver tumors in some C3H 
strains and skin tumors in SENCAR mice, yet is perceived 
differently by some investigators. 

Efforts to develop short-term in vivo assays based on bio¬ 
chemical markers of early foci or two-stage protocols have 
lagged behind the progress in other organ Systems. Prospects 
for in vivo/in vitro assays are promising butrrequire vali¬ 
dation. 


Research sponsored by the Office of Health and Environ 
mental Research, U.S. Department of Energy under contract 
DE-AC05rfi40R21400 with the Martin Marietta Energy Systems, 
Inc. 
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AN INVESTIGATION OF LIMITATATIONS OF A CONTROLLED 
VAPOUR GENERATION SYSTEM - R.B. Douglas, London 
School of Hygiene and Tropical Medicine, London* 
WC1E 7HT, 

• & 

During the development of a system using a bubbler 
( a thermostated Dreschel bottle ) at different 
flows and a variety of dilutions it became 
apparent that there were discrepancies between 
the »theoretical concentrations based upon 
saturated vapour pressure (trilene) and actual 
values as measured by batch calibrated gas 
detector tubes. A subsidiary experiment in which 
a thermostated light polythene bottle was weighed 
before and after a period at constant flow 
confirmed that saturation of a bubbled airflow 
may be less than 100%. Records of flows and 
concentrations for the main system were re¬ 
examined and analysed. Firstly, plotting 
theoretical value against estimated reading (gas 
detector tube) showed a correlation of r = 0.79. 
This was followed by plotting absolute discrep¬ 
ancies against bubbler flow ( r = 0.85 ). Next, 
a flow dependent fractional saturation "F" was 
defined theoretically and estimated as the ratio 
of detector tube to nominal reading. Over a wide 
range of values of "F" ( 0.95 - 0.24 ) a close 
linear relationship was found .with flow 
( r = 0.98 ) thus finally allowing calculation of 
corrected values. The system was fot^her 
modified by the addition of a condensing chain. 
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•ESICN AND EXPHIEIKE WITH HEAD/NOSE-EXPOSURE TECH¬ 
NIQUES IN A E-YEAR INHALATION STUDY NITH RATS 
N.O. KliAiich, K* HasunAtirl. i. Hild*br«od 
•ASF AktibwgbxullseMft. Dupartwwot of Toxicology 


' Tha increasing usa of hoad/nosa axposura tachniquas 
for aarptol inhalation studios has 'aida furthar dava- 
lopaiant necessary. Nodular head/noso exposure systems 
• ware copatructad of glass/staal *ith glass or plastic 
tubpr^for the exposure of 20 -120 rats. The design of 
>t1ia tubas was optimized to avoid unacceptable affects 
"on the aniawls (heat build-up; stress by firm re- 
strainment). Concentration profiles of'aerosols were 
measured at different positions inside the tubes to 
define the influence on dosage if'the*animals a»vo in 
^^the tubes. Tn a 2-year study 50 Fischer-344-rats’ per 
sdx and group were exposed to air 6 h/d on 5 d/w: one 
grgup was heed/nose exposed (glass'tubes), another 
group was exposed in whole body inhalation chambers. 
Room housed rats* wqr A e taken as controls. Satellite 
groups of 10 rats per sex and group were exposed for 
3, 6 and 12 bonthi for cl'inico-cheauxal analysis, he¬ 
matology and urinalysis. Results: Body .weight of the 
head/nose exposed rats compared with the chamber ex¬ 
posed* and room housed groups was significantly lower 
v after about *1-month exposure and remained retarded 
until the end of exposure. There were no indications 
that other parameters were changed. In a subsequent 
test the influence of different tube materials (glass 
or plastic) and age of the rats (45 and 110 days old) 
on body weight gain was examined. Oifferent tube ma¬ 
terials and tube design showed the same effect of 
body weight retardation 4 '. Determinations of thyroxine 
(T3) and triiodothyronine 4Til levels revealed no in¬ 
dications of an influence on the thyroid jystem. >ln a 
f-month post-exposure period which followed head/nose 
* exposure exposed for 2 months younger rats showed a 
better adaptation *of the body weight to that of 
chamber exposed rate than older rats. 




• '' ' Source: htt^s://Www.iridustrydocurr) 


Increased efficiency of animal use in acute inhalation toxicity experi- 
» ments to determine the LC50 rat at different exposure pteriods. 

W.F. ten Berge and A. Zwart 

DSM, Geleen, NL CIVO-TND, Zeist, NL 

The influence of the muter of animals per trial on the variation 
coefficient of the LC50 was studied by use of Monte Carlo simulation 
of. the ammonia study, published by Appelman et al. (1982). 

In this study 200 rats were used to determine the LC50 of affunrd* far 
10, 20, 40 and 60 minutes. This quantity of rats corresponds well with 
the generally accepted muter of 50 rats per LC50 value. In the Monte 
^jprlo siranation of the araoqnia study the miter of rats per trial was 
varied fran 10 to 1. For each set of independent variables (concentra¬ 
tion, time, sex) and for each nunber of animals per trial 500 simulations 
were performed. The variations coefficient of the simulated LC50 
values increased from 2% to 41 when decreasing the nutte r of rats per 
trial frcm 10 to 5. A further increase in the variation coefficient to 
10% was observed, when the miter of rats per ti^al decreased to 1. 

The results of the Monte Carlo simulation show, that using 50 animals 
in a well designed experiment allows the determination of the acute 
inhalatory LC50 at 4 different exposure periods with sufficiently 
narrow 95% confidence limits. 

The condition to achieve this in practice is to choose exposure 
concentrations and exposure periods in geometric progression, to use one 
or two animals per trial and to analyse the raw data by the method of 
Maximum Likelihood according to Finney (1977). This rrethod is comparable 
to a weighted multiple regression analysis, in which concentration, expo¬ 
sure period and sex are independent variables, controlling the mortality 
response. 

Reference: v 

Appelman, L.M., W.F. ten Berge and P.G.J. Reuzel, 1982. 

Acute inhalation toxicity study of in rats with variable 

exposure periods. 

American Industrial Hygiene Association Journal 43 , 662-665 









ACUTE* IKHALATION TOXICITY CF A PRESSURISED 
AERCSOL HOUSE HOLD INSECTICIDE FCRKULATICNS 

.- K t V, Hoorthy and />. Seshaiah, Department 

of Toxicology# Fredrick Institute of Plant 
Protection and Toxicology (FIFPAT), 

Padappai 601 301, India. 

* 

In India, only few laboratories have facilities 
for studying.inhalation toxicity of technical 
grade, liquid, wettable powder and dust formula¬ 
tions of pesticides. The present study highlights 
the methodology developed for the first time in 

y 

India for .assessing the acute inhalation toxicity 
of prkssurized aerosol insecticide formulation, 
containing malathion A*X^ 1%, Pyrethrin 0.05% 
and propellant gas solvent and perfume OS, by 
using the Rhema labortechnik : Inhalation Equipment 
(head exposure) for rat. An electrical device « 
with an electronic tilner was designed and used 
to actuate the pressurized aerosol can for the 
'generation of test atmosphere. Rats were exposed, 
for 4 hr continuously. The ccwicentrati ons of the 
test^meterial were, 1.208, 1.665 and 2.38 mg/1 air 
at the level of breathing zone of rats. Experime¬ 
ntal results showed that rats were able to 
tolerate 2*38 mg/1 concentration of test material 
without exhibiting any*adverse effect. 

4 ' 4 

i 

It was concluded that the methodology developed 
could be exploited for risk assessment of 

pressurized aerosol formulations of pesticides, 

* 

drugs, cosmetics, detergents, etc. 
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DUAL ^ WAY 4 CHARACTERIZATION OF AEROSOLS BY THE GALAI- 
CIS-f - £ POWERFUL TOOL FOR INHALATION EXPOSURES. 
E.F.Aharonson. 0.. Bernstein and N. Karasikov, Israel 


^Institute for Biological Research P.O.Box 19, Ness- 
' Ziona 70450 and Galai Labs Inc. Migdal Ha-Emek, ISRAEL. 


Atmospheres of controlled steady and well defined sus¬ 
pensions of hazardous materials in air, to which groups 
of animals can be exposed, form the basis for studies 
of inhaled toxicity of aerosols. Characteristics of 
the aerosol challenge are then correlated with the 
harmful biological responses observed in the exposed 
animal8. 


Characterization of aerosols at the point of generation 
and at thfe point of delivery is therefore essential for 
the interpretation of inhaled toxicity experiments. Two 
parameters are of primary interest: the aerosol con¬ 
centration and its particle size distribution. In addi¬ 
tion, particle's shape may have to be considered. These 
parameters, size, shape and concentration can be opti¬ 
mally estimated and continuously monitored by the 
Galai-CIS-l (Galai, Israel). 


The CIS-1 analyser uses a minute actual sensing volume, 
therefore it remains operational when measuring much 
higher qjferosol concentrations than those acceptable by 
any other commercial instrument. For most inhalation 
studies, this feature considerably reduces the need for 
diluting the sampled aerosol. Moreover, this instru¬ 
ment combines two independent measurements, taken at 
the sane flow through cell, to characterize the aerosol 
particles population: one estimates particle dimensions 
from the measured transition tine required for a fast 
moving focussed laser beam to pass across particle's 
diameter. The other derives shape information from a~ 
video two-dimensional image of particles, taken by a 

CCTV camera and strobed illumination. The combined 

% 

data proves to be very efficient in describing aerosol* 
populations, especially for non-spherical particles. 


Operation of this computerized analysing system is 
practically fully automatic, enabling to complete the 
measurment according to a predetermined protocol and 
storing the results without operator's intervention. 




. .""'iTr:,, 




Source: https://wWw.ihdustrydocunrients.ucsf.ed 


A SYSTEM FOR THE EXPOSURE OF MICE TO TOXIC 
AEROSOLS 

A. Black, J.N. Pritchard and M. Walsh 

Environmental & Medical Sciences Division, 
A.E.R.E. Harwell, Oxon, England 


An exposure suite for the nose—only exposure 
of mice to radioactive aerosols has been in 
use at Harwell for over 8 years. During this 
time, some 10,000 mice have been exposed with 
only 30 fatalities and no incidents of con¬ 
tamination to the personnel involved. Details 
of the exposure chamber, the facility in 
which exposures take place and a simple 
technique for producing size-classified 
samples of material for exposure has been 
published (Walsh et al., 1980). A poster 
display summarising this publication is 
available. 
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EFFECT OF DIURNAL OR NOCTURNAL OZONE EXPOSURE ON THE 
PULMONARY RESPONSE OF RATS - L.van Bree , P.J.A.Rombout, 
M.Marra, P.H.B.Fokkens, A.J.F.Boere and J.Bos, National 
Institute of Public Health and Environmental Hygiene, 
Department of Inhalation Toxicology, 3720 BA Bilthoven, The 
Netherlands. 


i£: 

fs 


B 

|The biological response of toxic compounds is known to 
depend on the daily time period of administration. Animal 
toxicology studies on air pollutants frequently involve 
exposure during the photolight-period (daytime). However, 
when nocturnal animals are used, a diurnal exposure will 
parallel a minimal ventilatory activity and thus a minimal 
pollutant uptake. Circadian rhythms in biochemical 
activities may also affect the toxic response. Since air 
monitoring data for ozone reveal diurnal human exposure 
periods, animal toxicology studies have been initiated to 
investigate the role of circadian rhythm in ozone toxicity. 
In the present study rats were exposed to 0.80 mg O./m 3 for 
12 h diurnal, 12 h nocturnal or 24 h continuous periods. 
Increases in pulmonary antioxidant * enzyme activities and 
accumulation of proteir^ and inflammatory cells in 
bronchoalveolar fluid were taken as toxicity parameters. 
Diurnal exposure for 3 days caused no change in enzyme 
activities; the significant increases (15-30%) 4 after 
nocturnal or continuous exposure were comparable. A single 
exposure for 12 h resulted in a nocturnal-mediated increase 
of protein and albumin in lung lavage fluid (500 and 900% 
respectively). Which was twice that after diurnal exposure. 
A differential cell'count of the lavage fluid indicated 
that the relative influx of inflammatory cells af tef 
nocturnal exposure (1400%) was larger than' the diurnal 
response (600%), while the total cell content was only 
marginally, affected. 

These data show large susceptibility differences in 
pulmonary response depending on the dally time period of 
ozone exposure. The nocturnal-mediated response is dominant 
over the diurnal response and may thereby largely govern 
th* continuous exposure-Induced effect. Results also 
emphasize that iik animal toxicology studies with air 
pollutants there is a need for suitable exposure regimens, 
which synchronize with the actual human exposure ‘ and 
activity pattern. 


TCLE CLEMANC 
l, M R Bailey 


FACTORS AFFECTING PARTICLE CLEMANCE FROM THE RAT LUNG - 
C G Collier , A Hodgson, M R Bailey and F Barry, 
National Radiological Protection Board, Chilton, Dldcot, 
Oxon 0X11 ORQ, UK, 

Constraints on the design and conduct of Inhalation 
studies using laboratory animals may introduce factors 
which could affect the results of the experiments. The 
effects of physical exercise and method of 
administration on particle clearance were studied for 
six months after intake in male and female rats, ‘ 

Mo nodisperse fused aluminosilicate particles (FAP) 
labelled with cobalt-57 (half-life 272 d) were used as 
relatively inert test particles. Lung, clearance was 
followed by measuring the amount retained in the lung by 
external counting of gamma-rays, complemented.by 
measurements of the tissue distribution of cobalt-57 in 
sacrificed animals, and by measurements of urinary and 
faeeal excretion of cobalt-57* No effect on clearance 
of voluntary exercise (running in a % wheel), and no 
difference between males and females was observed. 
Clearance was significantly faster following 1 ' 
Intratracheal installation of partimles than after 
inhalation for the first 30 days after intake, 4 but not 
thereafter, 

i 

In earlier experlments*ve^ound that lung clearance up 
to 18 months after inliald^^n of a mixed actinide oxide 
containing plutonlOm-239 and americium-241 was*very 
similar to that of FAP when the total alpha activity of 
the initial lung deposit (ILD) of the oxide was about 
0*1 kBq. At an ILD of 2 kBq clearance of the actinide 
oxide was impaired, and at an ILD of 9 kBq, clearance pf 
the actinide oxide and also of FAP lnhalea 25 days after 
the oxide were impaired, ’ 





* 



This work was partially supported by the CEC under 
contract F16-0089-UK, - ' 
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OUTLINE OP FACILITIES AND ACTIVITY OP JAPAN 
BIOASSAY LABORATORY - K. Nozaki, E. Nakayama 
and M. Enoraoto, Japan Bioassay Laboratory, 
Kanagawa, Japan 


Japan Bioassay Laboratory, was founded in 1981 
with the aim of investigating the effects of 
new chemicals on workers* health by means of 
animal experiments. In addition to carrying 
out toxicity and carcinogenicity tests to 
meet the requirements of regulatory authori¬ 
ties, Japan Bioassay Laboratory is studying 
on Mutagenicity and genotoxicity of chemicals 
by using microorganisms and mammarian cells* 


/ 

Half of the animal experiments in the labo- , 
ratory is planned to be performed by inha¬ 
lation ahd^tefether half by oral route. 
Inhalation^MPk areas consist of 14 long-term 
inhalation ^est rooms, 4 short-term inhalation 
test rooms• 100 rats or mice, each of them 
icept in a cage with partition, are housed in 
one long-term te^t chamber of 7.5 m 3 in volume 


long^ 

for rat or 3.5 m 3 for mouse. Inhalation 
test room for long-term toxicity or carci¬ 
nogenicity has 4 of this kind of chamber, 
respectively. 


c 


All the animal rooms are located on the 1st 
floor, which is cleaned with barrier system.^ 
Mechanical facilities control center and * 


Mechanical facilities control center and 
generator of test aerosols with air condi¬ 
tioning are centralized on the'2nd floor. 

All the gases' or particulate toxicants are 
supplied from 2nd floor to chambers of 1st 
floor by monitoring their concentrations 
and environmental parameters of the chambers. 
All toxicology data including pathological 
findings are recorded by centralized com¬ 
puter systems. 


■w . 

Currently, 6 chemicals are tested on their 
carcinogenicities in both rats of P344 
strain and mice of»BDP1 strain, 
respectively. ^ 






3ft. : .i! T 






i ' 


h htt(5s://wwW:industrydocjjmeh 


AN EXPERIMENTAL RABBIT'MODEL FOR STUDYING ACUTE EFFECT OF 
Environmental irritant aerosols and gases on respiration, 
HEART AND CIRCULATION. 

M. S. Islam, D. Haake, F. J, Reiffer* 

So far we have not come across a report on acute effects of 
environmental irritant alrosols and gases in experimental 
rabbits. Secondly most oT the previous studies were chronic 
in nature i.e. long exposure time. To our knowledge two 
groups have used short (60 minutes) exposure of guineapigs 
(Amdure et al. 1976) and dogs (Islam et al. 1972) to 
sulfurdioxide (502). So we have made an attempt to develop 
a rabbit model suitable for studying acute effects on 
airways, respiration and circulation. 

We started this study with IS animals. But we had to 
sacrifice two animals prematurely as®they suffered from leg 
fracture in animals house,and another two developped acute 
respiratory distress before they were exposed to 502- 
inhalation. So we coul|l complete our protocol in the 
remainder of 1> animals. 

After application of anesthesia and minor surgical mani¬ 
pulation, for inserting j arterial, oesophageal catheters and 
so on, the animals were,left undisturbed for 40* to reach 
steady state. 

After that the animals were exposed to 0, 1, 2, 4 and9mg/m^ 
S02 for b minutes inhalation at each occasion with periods 
of at least 20 minutes of recovery. Various cardio¬ 
respiratory parameters were registered before, and after 
o,V, 10' and 20’ of exposure with a 6‘channel recorder. 

Clear increase in lung resistance (Rl) and decrease in 
dynamic lung compliance (Cldyn) were noted following 
exposure tt> S02. 

• 

So the results are contradictory to conventional concepts 
of a concentration effect pattern, that assume linear or 
otherwise proportional effect* toward increasing exposure. 
Our results represent a preliminary evaluation of data 
which will be extended being available soon by completing 
the study protocoi for an experimental rabbit model to 
investigate the effects of environmental irritants. 

. j 

♦Medizinijgfies tnstitut fur Umwelthygiene, Dusseldorf 
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INHALATION TOXICITY STUDIES Of FORMALDEHYDE IN RATS: 8-HOUR 
CONTINUOUS VERSUS 8-HOUR INTERMITTENT EXPOSURES 
J.W.GiM? Milner, R. A. Moutersen and V.J. Feron , TNO-CIVO 
Toxicology"and Nutrition Institute, Department of Biological 
Toxicology . F.O* Box 360,. 3700 A«H Zelst, the Netherlands. 

9 ■» 

1 

Inhalation toxicity studies with forsaldehyde were perfcreed 
to investigate whether excursions of the exposure 
concentration by a fpetor fc - under conditions of 
concentration x time is constant - visibly affect the 
cytotoxic action of formaldehyde or the rat, nasal epithelium. 
AjSubacute (A-yeek) 'study,:using Clearly cytotoxic s 
concentrations (5i 10 or 20 ppm)! and a 13-week study with 
(aub)cytotoxi c concentrations of formaldehyde (t, 2 or A ppm) 
were*carried with hale Mister rats» The animals were exposed 
either continuously for 8 hours a day or interruptedly during 
8 successive 1-hour periods (each period consisting of 30 min 
of exposure and 30 min of non-exposure), 5 days/week during 
A or 13 weeksp respectively. Cell turnover rate (•H-thymidine 
la be Ling) In nas^.1 epithelial cells was detrbcAlned after 3 
exposure days, and at the end of the li-week or >13-week 
experimental period. Histopathology Of the nose was carried 
out at the'end of the e**per 1 men taL periods. Treatment-related 
changes in the no&e comprised disarrangement And squamous 
metaplasia^of the respiratory epithelium, accompanied by 
basal cell‘hyperplasia. Two ppm formaldehyde was a no-toxic 
effect level in the 13-week study*. From the results of both 
the A-week and the 13-week ifthalation studies it was 
concluded that the expoaire concentration rather than the 
total dose is primarily responsible for the adverse effects 
of fqrmaldehyde on|the nasal epithelium.’ 


9 :. . 
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ANIMAL INHALATION FACILITIES ANIL E^ERllffiNTALDESIGN FOR 
DIESEL ENGINE EMISSIONS, T.SUZUKI . T.NAKAJIMAr^TSUEYOSHI, 
S.ISHIWATA, (HERP)» Japan-'Automobile* Research Institute, 
Yatabe, Tsukuba-gun,• Ibaraki, Japan. 

Long-term inhalation studies on the effects of diesel 
emissions on F344 rats were carried out from January 1983 
to December 1983. For these studies, ve constructed 
inhalation facilities which consisted of supply, exposure, 
exhaust, control"and monitor systems. 

The light-duty (LD) engines were 1.8-liter, 4-cylinder, 
swirl chamber type and were operated at l,700rpm, 4kg*m. 

The heavy-duty (HD) engines were 11-liter, 6-cylinder, 
direct injection type and wefb operated at l,200rpm, 

33.4kg*m. Five LD engines ‘and two HD engines were used 
during the Inhalation experiments. The diesel fuel was JIS 
No.l or No.2 light.oil with a sulfur content of 0.43Z. 

Diesel emissions were directed into each dilution tunnel 
where they were diluted about 10 to 15 times in volume with 
conditioned air. 

Ten large (horizontal type, 3.1n?) and five middle (verti¬ 
cal type, 2.8m*)’ size inhalation chambers were installed in 
the barrier. One large chamber which was developed for 
these experiments contained two inhalation spaces, so it 
could house 120 males on one side and 120 females on the 
other side.vFive middle chambers each housing 64 rats were 
used for carrying out particle influence experiments. 

The diluted emissions in each camber were controlled 
concering. the particle concentrations. Fpom the HD engines, 
five levels of diluted emissions, 4, 2, 1, 0.4 and 0mg/m 3 
(Orng/m 1 was the chamber control) were used. Similarly, five 
levels, 2, 1, 0.4, 0.1 and Omg/m* were used fro» the LD 
engine. 

The gases and particle concentrations for each experimental 
group were monitored every two hburs. The mass median diame¬ 
ter of the particles in the large chambers was in the range 
of 0.19^-0.34^ and more than 80Z of the particles had 
diameters smaller than i*m. The average quantities of benzo- 
(a)pyrene in the extracts of the diluted emissions were 
4.4/cg/g and 2.8>tg/g, and the average quantitles of 1-nltro- 
pyrene were 57.1 > xg/g and 15.^xg/g in the^U) and. HD series, 
respectively. 

Experimental animals inhaled diluted emissions for 16 hours 
/day* 6 days/week. The total number of animals was about 
3,800, inclusive of the breeding room control. • 










DESIGN AND PERFORMANCE CHARACTERISTICS OF AN INHALATION 
CHAMBER FOR THE EXPOSURE OF SMALL LABORATORY ANIMALS TO LOU 
CONCENTRATIONS OF AIR POLLUTANTS - % M. Marra, P.J.A. Rombout 
and H.U.* Balfoort, National Institute of Public Health and 
Environmental Hygiene, Department, of Inhalation Toxicology, 
3720 BA Bilthoven, The Netherlands. 

A 0.2 m^ inhalation chamber ^as designed for whole body 
exposure of laboratory animals, housed permanently. 'The 
Chamber* was constructed of stainless steel and glass and 
was squiffed with inlet and outlet manifolds to obtain even 
distribution of the incoming air. 

A mathematical model was used to determine the flow and 
mixing characteristics. The exhaust concentration as the 
respons to a negative step change in inlet concentration 
was recorded. From the plot of concentration versus time., it 
was calculated that the chamber has an active mixing values 
of 80 %, a dead volume of 5 %, and plug flow in 15 % of the l# 
volume. Short circuiting between inlet and outlet was not 
detected. 

The distribution within the chamber was determined • by 
measuring the actual concentrations at 12 locations close 
to tbe animals. The tests were performed with the oxidants 
nitrogendloxlde and ozone and with a 0.8 urn latex aefosol. 
The spatial variation of nitrogendloxlde concentrations was 
4 % at 200 f,4 g/m and ,even better at higher concentrations^ 

The variation in ozone concentration was 10 % at 150 pg/ia 
and decreased to^ 5 % at 400 /*g/m . Latex Concentration 
(140 partlcles/cs ) varied about 8 %. Additional tests will 
be carried out with larger particles to determine whether 
this chamber can be used for inhalation toxicology research 
with aerosols. * 

The time in which the concentration in the exposure chamber 
Reached 95 % of the desired concentration was 4.8 Minutes. « 
For all measurements the flow rate through the chamber was * 
adjusted to 6 m /h, and 10 to 20 rats of approximately 200 
g were housed in the chamber. 

The design and characteristics of the exposure chamber and 
its performance were found to make it suitable to expose 
small laboratory animals to ambient concentrations of 
oxidant gases according realistic profiles. 


t 



*\ha'. \ T io\ Ap!'434 T -;$ wv.Zxi:: r*>: rocs a 
TION TO TOXIC!TV STUDY OF VOLCANIC ASH R.Noguto and V.iizek 
. Shin Nippon Biomedical Laboratories Ltd., vig-vA*v t(i l 
and “ Shibata Scientific Technology LidT, Tokyo 110. Japan* 

Sap nave recently designed an unique nasal evpesur; oliambr* 
copaMo uf utilizing in toxicological stea.es .rid t“* r 
tions . The present study was attempted to investigate the 
acute toxicity of It.Sakuraj ima voicanic a.»h it beadles. Th« 
volcarir ash was inha la ted at a dose of approximate’ylOGag/ft": 
as the'highest dose in nature. The volcanic ar.L ?! I treed .i v. i! 
become loss than 20 m for aerosol .sizes was exposed for six 
hours. C1 assifi'cat;on of aeroso 1 sizer one ».or.contratk-.' «- : 
air bone particle were measured by Anderser. tyi* ; ~ 

i it par tors and oy dig! ts 1 ius t i nd i ca lor Vi ich i no 1 >.< te* : : ; 
relative concentration. Following the inh;jJ-n;or Jl ifce ..: ..r.. 
Aero t^ami nJc on general conditions arc •>;: / .r/f 

hcmato'ogica! and Mood hk,chemical examinations: T.-j-rN - r .- : 
light and eV Tror. microscopy . The* hi slope ♦he’ r ■ 

revealed that a slight inflammatory change ?n the r- ;:m.p ,r> 
system which seemed to be the* major toswic • *v at a h* g K l-a: 
inhalation/ and also some clinical slgim^were ebse^ved- \- v 
they were not supposed to bo idiopathic changes even ’ 

vo:vanir. ash w-j'c reach as .f foi^ign sir stance to th- rose'-., 
lory tract. Taken together, ihe pFcsert resu w * • .h ** *' 

Sak u ra j 1 ma v o I can i c ash^as • ow acu te t» _ - ** : * t > . 
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THE EFFECT OF RESTRAINT IN NOSE-ONLY EXPOSURE 
TUBES DURING PREGNANCY ON TERATOGENIC ENDPOINTS 
IN SPRAGUE DAWLEY RATS - A.I.Nikiforov and 
G.Allgower,* BattellV* /Centre for Toxicology & 
Biosciences, route* de Drize 7 1227 Carouge/ 
Geneva, Switzerland 


Evaluations of/ the teratogenic J^otentials of 
chemicals and drugs with inhalation as the route 
of exposure ire becoming more common. In this 
regard, the method of nose-only inhalation 
exposure has an advantage over whole-body 
inhalation exposure in that quantitative dose to 
the lung can be estimated with the former. 

FivJ^Bxposure groups of 20 pregnant rats each 
wer^.used in the experiment. r The groups 
consisted of ' cage air controls, nose-only 
exposure restraint tube air controls, and 
nose-only exposure restraint tube groups exposed 
to different concentrations of carbon disulfide 
All rats, except the cage controls, were put 
into the restraint tubes foiyr hours per day on 
days 6 through 15 of their gestation period. 
When not in the restraint tubes* these rats were 
housed under the same conditions a% the cage.air 

controls. ' 

* 

The results indicated lower body weights, and 
significantly fewer viable fetuses in the groups 
that were reetraihed, as compared to the cage 
air controls. Currently^ the fetuses from all 
groups are being examined for more subtle 
effects of soft tissue and •skeletal 

abnormalities. ‘ \ * 

\ 

A second ^ experiment has been initiated to 
determine whether acclimatization to restraint 
tubes f before ^the critical period of 
organogenesis wilx allow nose-only inhalation 
exposure methods to be used without affecting 
fetal viability or development. These results 
will also be reported. 




NUMERICAL AND GRAVIMETRIC DETERMINATIONS OF ASBESTOS IN 
AIRBORNE PARTICULATE: A STUDY ON THE COUNT-TO-MASS CON¬ 
VERSION FACTOR FOR CHRYSOTILE FIBERS - S.Puledda and A. 
Marconi, Istituto Superiore di Sanity, Rome, Italy. 


X-ray diffraction (XRD) by the silver filter method was 
used to detrmine the gravimetric content of airborne fi¬ 
bers of chrysotile asbestos. The numerical content of the 
fibers was measured by phase contrast optical microscopy 
(PCOM) according to the procedure indicated by the Asbe¬ 
stos International Association.' 

f 

The data obtained by the two procedures permitted to cal¬ 
culate a count-to-mass correlation coefficient. The im¬ 
portance of this factor derives from the following con¬ 
siderations: the numerical method supplies the most spe- 
cifi^pa^aineters for the asbestos biological effects, but 
is scarcelyprSt4se^$nd time-consuming. If a satisfactory 
correlation between the^twonnethods - optical and diffrac 
tometric - can be found in a given~'Tttt»£ifin J _tfie use of 
the latter, which is faster and more precise7can~bF~jTr=^~ 
stified also from a toxicological point of view. 

In this work, nine samples of airborne particulate were 
collected on normal cellulose filters at the outlet of 
an asbestos-cement industrial plant using only chrysotile 
asbestos. A fraction of the filter was ashed in a low 
temperature asher. The residue was dispersed, deposited 
on a silver filter and XRD-analyzed. Another fraction was 
adequately prepared and observed by PCOM. 

The average value for the correlation coefficient was: 

1.9 + 1.2 ff/yug x 10 3 . 
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HEALTH EFFECTS % OF « DIESEL , E^AUST: THE INFLUENCE OF 

ENZOOTIC INFECTIONS ON THE /INCIDENCE OF PRIMARY LUNG 
TUMORS IN DIESEL EXHAUST EXPOSED MALE RATS - 0. R. Moss, 
B. J. Greenspan, R. H. Busch; R. L. Buschbom, S. E. Rowe, 
Battelle, Pacific Northwest Laboratories, Richland, WA 
99352 and R. M. Schreck, Biomedical Science Department, 
General Motors Research Laboratories, Warren, MI 48090. 


The purpose, of the study was to Investigate the 
carcinogenic potential of diesel engine exhaust. Animals 
were maintained in two ways:, in a manner'which provided a 
high level, of protection from exposure to * rodent 
pathogens; and under reduced barrier conditions that could 
allow natural enzootic infections to occur. We were 
concerned that the nature of the animal care would 
influence the outcome of the experiment. For each of the 
two animal care conditions, one group of 288 male F344 
rats were exposed to *1500 yg/m 3 of diesel particles, and 
another group of the same size was air exposed. The 
duration of exposure was twenty hours per day, seven days 
per week, for fifteen months followed by a clean air 
holding period of eight months. The exhaust was generated 
from a General Motors 4.3-liter indirect injection engine 
operating under conditions of steady speed (1475 rpm) and 
torque (63 N-m). 


After on^ year, the animals maintained under reduced 
barrier conditions shpwfef) strong ELISA positive reactions 
to Sendai virus antibody. The exposed group of these 
animals was the only group that showed a statistically 
significant decrease in mean survival time. There were no 
significant findings for the serologic tests or for the 
mean survival times in the other animals. In all of our 
barrier protected expose^ . and^- control groups, the 
incidence of primary lung tutors was less than 21. In the 
reduced-barrier animal grou^tf, the controls had a 2 % 
Incidence versus a 3% incidence of primary lung tumors in 
the exposed animals. The*' differences in the Incidence of 
primary lung tumors between all test groups were not 
statistically significant. 
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HEALTH EFFECTS OF DIESEL EXHAUST: THE INFLUENCE OF AGE 
DURING EXPOSURE ON THE INCIDENCE OF PRIMARY LUNG TUMORS IN 
DIESEL EXHAUST EXPOSED MALE RATS - 0. R. Moss, B. J. 
Greenspan, R. H. Busch, R. L. Buschbom, S. *E. Rowe, 
Battelle, Pacific Northwest Laboratories, Richland, WA 
99352 and R. M. Schreck , Biomedical Science Department, 
Genenal Motors Research Laboratories, Warren, MI 48090. 


The purpose of the study was to Investigate the 
carcinogenic potential of diesel engine exhaust." Animals 
were maintained in a manner which provided a high level of 
protection from exposure to rodent patlwgUffs. Animals 
received diesel exhaust exposures during the first fifteen* 
or the last fifteen months of their lives followed by 
immediate sacrifice. We were concerned that the age of 
the animals during exposure would influence the outcome of 
the experiment. Each of the three* exposed groups 

consisted of 288 male F344 rats. These animals were 
exposed to 1500 yg/m 3 of diesel particles. One additional 
group of the same size was air exposed. The duration of 
exposure was twenty hours per day, seven days per week, 
for fifteen months. The aged exposure group received 
clean air until the two young exposure groups had been 
exposed for eight months. This gropp then began a fifteen 
month exposure period. One of the young exposure groups 
was sacrificed immediately and the other received clean 
air for eight months following exposures. The exhaust was 
generated from* a General Motors 4.3-liter Indirect 
injection engine operating under conditions of steady 
speed (1475 rpm) and torque (63 N-m). 

There were no significant findings for the serologic tests 
or for the mean survival times in the animals. In all of 
our exposed groups, the incidence of primary lung tumors 
was less 'than 3*. There was no significant difference in 
the incidence of primary lung ‘ tumors in the control and 
aged-exposed group or in the youpg exposed group hel-d for 
eight months anct sacrificed at th^ samp time. 

\f ^ 












EXHALATION RATES OF VOLATILE N-NITROSAMINES IN 
COMPARISON WITH NITROS AMINE BLOOD LEVELS AFTER 
DIFFERENT MODES OF APPLICATION IN RATS - R.G.Klein, 
B.Schmezer, P.Schmezer, B.Spiegelhalder, and D.Schmahl, 
Institute of Toxicology and Chemotherapy, German Cancer 
Research Center, 6000 Heidelberg,, tm Neuenheimer Feld 260. 

Volatile N-nitreeamtnes may be a possible risk factor in human 
carcinogenesis after occupational exposure at certain working 
pleoes. The major route of absorption into the organism is 
expected do occur via inhalatiomMpterefore we investigated 
several nitroso compounds releywWor the human situation by 
endotracheal iatubation to rats. With this mode, of application 
inhaled Jkibstaeceo proceed directly into the trachet^ and the 
lungs of the animals, without being absorbed in the. nasal 
region and the larynx. Furthermore exhaled air can be col¬ 
lected directly from the' respiratory tract. We compared the 
distribution of N-nitrosodimethylamine (NDMA), N-nitrosodiethy- 
' lamina .(NDEA). N-nitroaopyrrolrdine (NPYR) and N-nitrosdmor- 
phot me (NMOR) irr blood and .in' exhaled air after applying 
comparable doaages of the compounds f>y endotracheal inha¬ 
lation and by intravenous injection.. Following endotracheal 
inhalation remarkable amounts of the applied nitrosamines were 
found in the exhaled air: NDMA: inhaL 600 ug, exhal. Bug 
(1*), NDE A: e*al. 550 ug, %fchat. 2ug (0.4k), NPYR: inhal. 
650 ug, exhal.40ug (5k) and NMOR: inhal. 520 ug, exhal.20. 
ug (4k). Extraploation of these' values to the first breath just 
after inhalation led to results indicating th^t more tKan 10k of 
the applied dosage can be exhaled. Aftef intravenous injec¬ 
tion of the samp amount of nitrosamine into the tail vein of 
the animals the exhaled amounts were much smaller: e.g. 
NMOR: iv 520 ug, exhal. 40 ng~(0.006k). > After iv injecjion of 
520 ug of NMOR blocyd values of 0.8 ug (0.2) wpre found. In 
comparison: after endotracheal inhalation of 520 ug of NMOR 
0.1 ug (0.02k) was found in blood.' All' values were gained 
by pooling the results from w 6 animals. Because of the well 
defined water solubility of the nitrosamines (NDMA, NPYR and 
NMOR 100k, NDE A. 10k) we must oonclude that solubility 
properties are not ,th^*only^ faotor decisive*in the absorption 
of the compigund ’by the srwn'ala' respiratory tract. Thil is 
supported by the finding That the thOrmodynemie defined vola¬ 
tility of the eubstenoee is not simply related to thp measured 
' exhalation rates. 6ur results jn«y ghow an improved way tor 
estimating the actually' absorbed amount- of nitrpsamine dor mg 
longterm carcinogenicity experiments. 
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NTERSPECIES DOSIMETRY OF REACTJVE GASES - F*J* Miller, * 
J.H* Overton and T.R* G^rt^+y, U.S. E^A, rtssearch 
Trlaogl# Park, NC pm and R.C. Graham, NS I -ES, 

Research Tr I ang I *><Park, *NC 27702 

• -' ' - . *- ; .1 ' 4 : 

,Jhe devafpptwnt of dosimetry models that can prp^tde a V 
descrjjrffoh of the uptake and dlstrIbutIon of Inhaled 
coniKHinds throughout the body .and the aVbl labl I Ityfcf 
>enlmal toxicological* data are" Integra I components for a 
full evaluation of potential;risks associated i.lth 
.human exposure* *fnterspecles doslmetrjcKcomparIsons 
must be*approached’using a model conceptual IzatJon that 
incorporates the major factors affecting the uptake of 
the such as ^respiratory tract morphology, route of*" 

fresting,. # depthand rate etf. breathing^, physlcocheislcai 
. properties o^ the gas, etc* When studying the loafer 
respiratory tract uptake of hlghIy’Veectjve gases, 
add ItHohei complexities are l/Tjrodyced In treating mass 
transport sI nee variations In thickness and biological 
composition^ of the airway* I hnlng can yl^id a significantly 
altered dose to the under lying JfJssue compared to the 
net mass removed In an airway* Modeling efforts thus / 
far have primarily focused on.ozone* Hence, this gas 
-wf I I be used to I Mu^trate *tae methodologies needed to 
’develop dosimetry models for other reactive gases and 
to discuss varlous aspects .of deltyprpd dose. A com¬ 
parison of theoretical- predictions' of delivered dose of* 
Ozone to the lower respiratory tract of man shot *6 good 
agreement with dose estimates derived from experimental 
.measurements.. Applications to ozone toxicological data 
' in an I meI s' and man „havtt been exam 1 ned^fhtt 1 ncorporate 
the use - of dosimetry .jpode Is In studying quantitative 
dose-rre^ponse relationships. Published data on exercise- 
reflated decrements In forced expiratory volume* (I sec) 
healthy.adultsubjects were related to the total 
tissue dose forvyiRne exposure levels ranging from 0.12 

to 0 . 4 - ppm. Acbumu I at 1 on of prote 1 n^ \ ^ I avage 'fluid 
obtained from guinea pig^^raTs, and"rabbits exposed to 

various ceed^ntrat Ions of ozone were related to predlgte^ 
putmonary t issue dose/g body we Ight to enabIe an assess¬ 
ment of the relative sensitivity ot these Species to 
ozone* The, nesults indicate thpt rabbits and rats 
respond simi larly for* this biological endpoint with 
guinea..pigs being more responsive 1 . This Is an-abstract 
r£ a proposed presentation and does not necessarily - 
reflect EPA policy. . 4 
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DEPOSITION OF INHALED>P^RTI CLES IN MAN-J.Heyder 
GSF—Erojekt Inhalation, P^ul-Ehrlich-Str.20 

D 6000 Frankfurt am haih 70 

1 

A * 

*.The human lung can be considered as sm.effective 
aerosol filter. Its characteristics (efficiency, 
ventilation pattern, dimensions) may be altered 
by the inspiration of toxic materials. However, 

/ « this knowlege, has not s^ficiently been used to 
develope methods' for assessing inhalation - risks. 

*Phi» paper is focussed on the current understand 
’ding of particle behaviour and collection in the 
* fcuman respisatorv tract and on aerosol techni¬ 
ques which allow, in subjects with b©elthy* and 
affected'lungs, to study particle collection 
efficiencies and ventilation patterns of the 
lunas and to estimate thoracic airway dimensions 
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TOXICOKINETICS 6? HOR-REACTIVE GASES - M. E. Addersen, 
w Toxic Hazards Division (AAMRL/TH), Wright-pat^Orson AFB, 

; OH 45433. •• V; ; ; i- 

Th* long is * a vtarget .organ and **a ' fpute of entry for 
airborne efeemicala. Hbn-reactive vapors are absorbed by 
vespiratffon and* transported : to systemic tissue# via fhe ' 
• blood •^Tiaaue exposure to these inhaled * chefnigala fia 
* complexly - related to physiological, biochemical, * apd 
physical chemical factors*, Physiplogitally-based phannaqo- 
kinetic (PB-^K) models have been used to gain insights into, 
hofr these various factors rigOlate the kinetics, metabo¬ 
lism,* and toxicipf inhaled, non-reactive vapors. PB^PR 
^"models : contain more biological % detail „ than traditional 
data-based compartmental PR models andmllov more complete 
- analytical description of the disposition of inhaled vappre * 
inV vivo. * This .talk focuses on PB-PR modeling studies .of 
the inhalati#n of three chemicals ? styfene, hexane, Jnd, 
methylene chloride. . With * styrene, : metabobix saturation 
and high ' Tipophfiltyty . produce* striking concentration- 
dependent kinetiJ b.bbayiot.. With hexane*<Hx), there are 
complex, time dependent inhibitory interaction^ which 
Occur because \both hexane * and its metabolite $ethyl«*nv 
butyl m ketone *ar<?; coaipetitive substrates for microsomal ; 

: oxidation. The methylene chloride model contained £vo . 

pathways for tissue metabolism - oxidation and glutathione 
conjugation - # and - also included production*.-of earn on 
monoxide % (CO) aHd # C6 Ending . to hemoglobin. The complex 
'kinetic behaviors of j9l f ...three chemicals and the major 
.metabolites of .Hx*and CHjClj were easily incorporated 
'into PB-PR models which then provided;»a mbre thorough 
understanding of the dominant biological -'processes 
involved in the disposition of these particular .chemicals. * 
PB-PK models based on knowledge of aniiial physiology, 
tissue solubilities, and limited vivfc experiments 

predict kinetic behavior. Even ^en & predictive model 

fails to agree with data,, the nature of the deviation can 
be very iiriormati\u of biologital * processes, "as Vill ’be 
illustrated by our* # studies of suicide enzyme inMbitigp 
• during exp^aute to* cis-» and trgns-1,2-dichloro«hylene. 

In summaryi PB-PR modeling integrates a variety of data on 
' a test vapor to produce ^ a predictive description of 

chemical behavior that can be. used for extrapolation, 
experimental design, and - /interpretation of toxicity 

1 results. •-.. 
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RESPIRATORY TRACT CLEARANCE Of ^ARTICLES * ANO ' SUBSTANCES 
i DISSOCIATED FROM PARTICLES - R.G. Cuddihv . Lfcyelace Inh.la- 
Ion toxicology Research Instltut^. Albuquerque, NM 87185. 




discuss the • deposition and^ cjearance' of Inhaled aero¬ 
sols, the rfesplrgtory tract is generally^Tlbdivided into 


8 the. head pirways, tracheobroncht#]. airways and pulmonary 
region. I^thln each - subdivision, .clearance fs the' neti 
Vesult *©f xgippeting mechanical', transport and absorption 
proc^ses. The nasal airways clear with1n\hours and a 
: + .large pdrtion, 60Z to 80Z of the deposited material, moves 
* forward toward the ^nostrils. The remainder is cleared 
toward the **orophary?ftt ^ and is swallowed or it Is absorbed 
directly into bloodl* Deposition and clearance of material 
in tracheobronchial airways 1s # determined by similar mecha- 
: ’ nlsms and can bt predicted 'usl^rg, principles of aeoQ^ol 
phobics, airway morphometry and*^ffective particlexlearr i 
ance velocities for ind*U1dual airways* A few perfSnt of 
the,' deposited material roy be retailed for long periods of 
time in the epithelium of 'The head and tracheobronchial 
* airways, but this may result from,danffcge to the epithelium 
er*mucociliary clearance apparatus. The rates, and frac- „ 
*tions‘ of deposited particles cleared'by mechanical proces- 
' ses in the pulmonary region are very species dependent, but 
absorption of • material into the blood circulation Appears 
to be similar femong species that, have ■been studied. .Ab¬ 
sorption mainly occu>^ with jnaterlal that dissociates from 
particles? however, some partIt1e s may- be transported to 
blood " and some dissociated materWT may^be-^retained in the 
pulmonary region bound to StruetujAl components for long 
periods of time. A mathematical model describing these 
clearance processes fypr people ahd laboratory animals will 
be discussed. K .computer program is being developed to 
perform Inhaled, aerosefl deposition and* clearance calcula- 
s tlonsvfor people, dogs, rats, t hamsters and mice, and to 
N modify-tire calculations to account for different body 
.Sizes, health status and * cfgarette smofclng. (Research 
;supported by the]#ff;ic£ of Health ■ and Erivironmental Re- 
«sakrch, U.S. Department of Energy under Contract No. DE- 
'AG04-76EV01013,) r . * r ** 
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TOXICOKINETICS OF THE ETHTWiXHERS Of ETHYLENE GLYCOL AND 
eTHTUNE C^TCQl. ACETATE IN HAT* * JK -Crocaeneken , H. Veuie- 
mans, R.MasscheVein, Department of Occupational Medicine, 
Cath. University of Louvain, B-300CT Louvain, Belgium. ^ 

. • :V >/. : . •:- v “ » 

The metabolism of ethylene glycol ethers has been studied in 
seveWl animal models. Human studies,, however, are lacking. 
Therefore, we exposed healthy male volunteers to resp. 10,^ 
10, and 40 mg/m 4 ethylene: glycol ethyl ether <EGEE) or equi¬ 
valent concphtration^ df 'its acetate ester (E<<K-Ae) for 4h 
at rest. EGEE or EGBE^Aeipeft determined in exhaled air du¬ 
ring and up to 4h after exposure. tTrine vas collected over a 
period' of 48h during and after expqsureJsnd analysed fcor : the 
presence of; ethoxyaeef ic acid tUksAlt urinary meta- 

% bolite of both iGBfi and E^SEHkf» ; « ^ v 

Retention (R> of' EGEE wee high (64 T) reaching eteady*-st^te 
level’s wi thin 10 min * the ceee of EGEE-Ac, ft was/somewhat 

lower and decreased slowly (p^'O.pi) as exposore proceeded. 
Steady-state sedmerf to be reached after '3?4 R!*mf EGEE was 

not affgdtedvby exposure concentration^ but E of BCTE-Ac in¬ 
creased (p < 6.05) when exposure concentrations were higher. 
In both cdses, up take rate increased 0. ,001V almost, li- 

n early with i no r eas tag ''eon^en tret ions, - although significant 
contributions of it^dcea ‘o tVardiac output and, in" the chse 
Of EGEE-Ac also of volumfe of WfstrlWtion, were ob*eWed r ^ 
During exposure to^EGH^-AC./rtiall amounts of EGEE appeared 
in expired hir ,«i*t%^s^hsifrlife^of-8-11 min proportionally 
to the uptake of ECT^^hcv^Poafexposutet breath concent re* / 
tions of both EGEE and JWEErAe showed <a dramatic drop/€urtng 
the first minutes. Thereafter, a much alower bi-exponential 
decrease was observed /to'ai 5 m>st Jndetectable levels gf tdr 4h* 
Post-exposure breath concentrSERpns of E&EE. or EGEE-Ac’ were 
higher (p< 0i05) as thdlr uptake was‘higher v Respiratory e- 
limination of iBmetdholised EGEE or EGEEFAC accounted!',' how- . 
ever, for ^ 0.5 X 6f total body uptAe. EAA appeared in u- 
rlne with a hdlf-life of i-*.5h reaching maximal excretion 
rate 4h after the ehd of the exposure in both eases,. Thf de¬ 
cline afteevard* could genferally bq described assuming A 
half-life of 22-25h. On average 23 X of absorb^ BpEE or . 
EGE^-Ac was recovered within 48h. Recovery of EAA did mot 
change on highit uptake. For equivalent doses of EGEE and 
EGEE-Ae, the same'amount of EAA was excreted in urine. V 
As in animals, ECTEand BGEE-Acare rapldgly absorbed - e 
tBrpugh the Ipngs and metabolized ter EAA. Respiratory elimi¬ 
nation of' tx&changod EGEE\Qr^EGR£-Ac was negligable compared^ 
to urinary excretion of EAA. Duebo the*long half-life pf 
EAA, accumulation, is expected through repetitive^ex#osures. 
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INTERPRETATION OF REGIONAL DEPOSITION DATA BASED ON HUMAN 
* LUNG CLEARANCE STUDIES WITH RADIO-AEROSOL PULSES 

* 

to 

W» gtahlhofen , J. Gebhart, G. Rudolf and G. Scheuch 
Ges. f, Strahlen- und Umwe^tfor^chung mbH, Neuherberg, 

. Institut fiir Biophysikalische Strahlenforschung, 

* 6000 Frankfurt am Main, Paul-Ehrlich-Str. 20 

« * » * * • 

With a new inhalation technique described JLn a previous P a ~ 
per (Stahlhofen et al. 1986) it is possible to inject 50 cm 
aerosoj. boli with defined volumes .at any moment during inha¬ 
lation into the inspired air. By varying the point of injec¬ 
tion during inspiration and by holding the breath at end- 
inhalation deposition of particles in different volumetric 
lung depths is achieved. 

With this piQse technique experiments were carried out with 
four* subjects using different particlm sizes. Particle 
clearance *vas measured as function of their site of deposi¬ 
tion. lungs. 

A surprising result was th^t thfere exists a great^fraction 
of-deposited particles which are not cleared-rapidly even 
after their*injection into the upper airwdys*‘only- Thus from 
aerosol boli injected into a volumetric.lung depth of about 
70 cm^ only* about 60% of the deposited material was cleared 
in the following 5 days. 

*Possible explanation*for this phenomenon are for instance 
a particle size dependent mucociliary clearance and venti¬ 
lation patterns'An the ppper respiratory tratc (9^|hlhofen 
et al* 198?). 

*4 

This new experimental data give rise for a^critical review 
•of reg£onal deposition data based on measurements of lung 
clearance. 

.• * 
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THE EFFECTS. OF EXPOSURE NODE OH OUST RETENTION AND . 
ELIMINATION • 

a 

+ % 

t < . 

J.8ruch,E.Sono,ChJ.1,N^BOS, Instltut fUr Hyglerle . 
und ArbeltSMedizIn Uni versttStskllnlkum der ’ 4 

GesamthoChschule Essen, Hufefandstr. 55, 0-4300 
Issen 1*- % . ' - U ' 

* 

* f . t * >.• * ? 

The effects of occupational dust^exposure vary 

according to the dust concentration, and wethec the 

, / ■ 

exposure Is~cont1 nuou’s or Intermlttant. It Is & 
suspected that pfeak concentration of dust might 
worsen the elimination V^te from the lung. The peak 
exposure, the time Integral In combination with the 
superelevation of the concentration of the dust Is 
to be determined by means of toxicological 
Investigation. 1 The effects of various exposure- 
time-combinations with nulssance dust and quartz 
du$t%xposure were studied In acute and subchronic 
,Inhalation experiments. The results provide 
definition of peak concentration which Is related % 
to an excessive Increase of pathogenic dust , 

retention and related pathogenic effects'. * 


A MACROPHAGE ASSAY FOR INTRACELLULAR DISSOLUTION OF UNIFORM 
AEROSOL PARTICLES - W.G. t Kreyling.^ Gesellschaft fOr Strah- 
len- und Unweltforschung mbH Munchen, Institut fCir Strah- 
lenschutz, D-8042 Neuherberg, FRG; d.J. Godleski, S.T. 
Kariya, J.D. Brain, Harvard School of Public Health; Res¬ 
piratory ‘Biology Program, Boston Ma 02115, USA; R.M. Rose. 
New England Deaconess Hospital, Division of Pulmonary and 
Critical Care*Medicine, Boston, Ma 02115, USA. 

The dissolution of inhaled particles in the lungs with 
subsequent translocation of this material to the blood is 
considered to be an important clearance pathway (ICRP . 30). 
For relatively insoluble particles, the dissolution process 
is slow andls carried out primarily by intracellular di¬ 
gest ion^in phagolysosomes of macrophages. In these studies 
we determined the dissolution rate of uniform, porous, 
Co-57 labelled, cobaltosic oxidfc particles in cultured al¬ 
veolar macrophages. 

Canine and huma ^macrophages were harvested by bronchoal- 
veolar lavage and cultured in RPMI 1640 media with 51 fetal 
bovine serum. Particles with a geometric mean diameter of 
0.3, 0.7,’0.8, or 1.7 um were.added to the* cell monolayer 
■'such that rfll w particles were phagocytized within 2 days. 
Samples were taken at 5 time points between day 4 and 14, 
and the'dissolved cobalt fraction was determined by means 
of filtration and tracer activity measurements. The extra- 
cellularly released, dissolved- fraction increased with 
time, whereas the intracellular fraction remained constant 
resulting in a transition half-time of 0.5 day for dis¬ 
solved Co in .the cells. At each time point, functional pa¬ 
rameters were tested to assure that the cultured cells were 
alive and healthy. Since integral dissolved fractions in¬ 
creased with time, we calculated a dissolution rate. For 
each particle size this rate was^character!Stic and varied 
from 0.2 to 8 % per day for the largest and the smallest 
particles, respectively. This was found to be valid for 
alveolar macrophage samples from 6 different dogs and 2 
human volunteers. 

These in, vitro dissolution rates were very similar to in 
vivo dissolution rates determined in previous clearance 
studies after inhalation of corresponding aerosols. There¬ 
fore, an important clearance mechanism, the intracellular 
dissolution of inert, relatively insoluble particles in the 
Jungs, can be assayed using pulmonary macrophages in vitro. 
(sbMorted by NIH Grant ES-00002.) 
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Uf VITRO SOLUBILITY OF PARTICLES USING CULTURED ALVEOLAR m 
MACROPHAGES. COMPARISON WITH IN VITRO A CELUJLAR MODEft^^ 
AND DATA OF IN .VIVO SOLUBILITY. - S. Andre , H? Metivier, f ' 

G. jjantenois and qR. Masse, 'CEA/IPSN/DPS/SPE/Section de 
Toxicologie et Cancerologie ^ Experimentale, BP 12, a 
B ruyeres le Chatel, 91680, France. " # 


'Liowledge ' ofc the lung solubility of metallic 
particles *is of considerable interest to predict their 
translocation rate from lung . blood and the 

- toxicokinetlc of the material inhaled. Unlike the in ' 
vitro model of solubility which attempted to similate the 
alveol^ envi r onmen t with chemicals, we investigated the 
capacity of rat alveolar macrophages to dissolve metallic 
particles. Comparison was made between the dissolution 
rates obtained .with such cellular in vitho experiment*-*- 
those obtained with in vitro model using' chemiqals and * 
finally those obtained from inetabolic experiments. The 
capacity of alveolar macrophages to dissolve two 

different samples of heterodispehse beryllium particles 
(beryllium metal after refining and* hot-pres^d beryllium 
metal after machining) was studied with bronchoalveolar 
lavaged cells' (BAL cells) of rats from the Wistar AG 
strain.TAfter removal from the lung, 'BAL cells were 
allowed to adherfc on the bottam -t>f % the culture flask in 
- RPMI medium supplemented with 10-1 5% of foetal calf 
serum. Beryllium jfarticles were added to the culture 24 
hours later according 0 to*the ratio : particles/adherent 
cells 2:1 and phagocytosis was observed within the two 
hours following the^ addition. During a-10yday period, 
the supernatants of the cell cultures and Controls were 
removed daily, filtered thj^ough a 0.45 U® filter, and 
beryllium concentration wak analyzed by Flameless Atomic 
Absorption, Spectrometry. The results of our dissolution • 
test with cultured macrophages demonstrate that they were 
^intensively^ involved in beryllium particles dissolution, 
since 10.10 cells ^isp>lve 10 to 20 times more beryllium 
than the same mediursAthout macrophagesThe 'results of 
the * in vitro experdtaesty Jfch a serum .simulant did not 
correspond with those observed in vivo „ which clearly , 

. showed that ^ solubility of hot-pressed beryllium is 4 
times higher than thqse^bf beryllium metal. On the other 
hand macrophage dissolution vas a better method than the . 
in vitro tests which did not' involve a cellular component 
' since it showed the same trends in'the dissolution rates 
as’those observed in vivo. 
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A NEW MONTE CARLO DEPOSITION MODEL FOR EXTRAPOLATION *0F 
ANTtAL EXPOSURE DATA"TO MAN - W. Boftoann and L. Koblinger, 
University of Salzburg, Austria,.and Central Research 
Institute for Physics, Budapest, Hungary. 

The establishment of regulatory standards for airborne 
toxicants requires accurate estimation of particulate depo¬ 
sition in the respiratory tract. The laboratory rat is often 
used as a human surrogate to estimate hazard to human healtlv 
"following inhalation exposure to ambient aerosols. Here, we 
present a new stochastic morphological model for the rat , 

* respiratory*tract (analogous to that done for the human; 

Koblinger and^Hofmann, Phys. Med. Biol. 30: 541-556, 1995), 
and qpnduct random pathway calculations of particulate depo¬ 
sition in the rat and in man. Morphometric data for the rat 
lung have been taken from measurements done at the Lovelace 
ITRI. A Monte Carlo method is used to construct an airway 
geometry'along each particle’s path by selecting airway 
parameters randomly ffotn their frequency distributions^ and 
the correlations among them. Interspecies similarities and t 
differences in regional depositon^patterns are examined as 
functions of respiratory breathing j^rameters (i.e. rate 
and tidal volume ).7 • 

The potential 'adverse health effects of inhaled radon progeny 

4 is a matter of current global concern. In an earlier work 
(Hofmann and Martonen, Inh. Part. VI, in press), the signi¬ 
ficance of localized particulate deposits at airway bifur¬ 
cations was introduced for radionuclides. Hazard evaluation 
of radioactive aerosols requires an additional consideration 
over non-radionuclides; namely, energy distribution 3 within 
lung tissue. The Combined effect*of enhanced radionuclide t 
deposition', together with impaired mucociliary clearance at 
branching sites (particularly at carinal ridges), suggests 
that lung cancer risk by inhaled radon progeny is higher at 
such locations than along tubular airway segments. Our cal¬ 
culations indicate that radiation doses' at- bronchial bifur¬ 
cations might be up to an orders of magnitude greater than 
along adjacent airway surfaced This factor is consistent 
with experimental results of Cohen.et al. (Inh. Part. VT, 
in press) for Po-210 attached to submiprofT smoke particles. 

♦ Here, interspecies dosimetry computations are compared for 

the rat and man, thereby permitting accurate extrapolation 
of current animal data to man, and sponsoring the design,of 
future exposure tests. * f 
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vJHE EFFECT OF A "NUISANCE” DUST INH^LATTOiTON LUNG CLEARANCE 
^PB. Be 11 mann, H* table and 0. Creutzenberg, Fraunhofer - 
Institirt fur Toxikologie und Aerosolforschung,Hannover, FRG 


• i 


.For particles which show War solubility- and/or slight biolo¬ 
gical >effects a general threshold limit is applied in the 
occupational field** e~;g.'6 mgVm3 (FRG) and 5 mg/m3 (USA). V" 
These dusts are sometimes also called-"nuisance" or "inert" 

\ dusts. In this study the effect on lung retention and lung 
clearance of«t|»ree typical "inert" dusts, titanium dioxide 

#(rutil), PVC powder*and iron powdet was determined.* The irtass 
▼ » w r > ^ 
median aerodynamic diameter of these particles were 1.2, 

. t.3.and 5 ir\ respectiveJy.;PemaIe Fischer rats (F344) were 

exposed nose-only 5 jjours/day, 5 days/week at aerosol 

concentrations of 3.2, 8 and 20 mg/rtj' up to 8‘ months. 1, 3 

and 6 months after beginning of exposure 8 animals of each 

group inhaled additionally a test aerospl of Fe-59 labelled 

iron oxide particles and in some cases«lso Sr-85 labelled 

polystyrene particles. For lung clearance-measurement the 

decrease of x-activity in the thoracic area of these animals 

was momtored for 85 days. Chronic exposure was continued ’ 

during this time. Recovery of the lung clearance was 

investigated two months after ending of exposure*. Lumj;. 

retention of inhaled particles was determined at various -: 

times during and after ending of exposure. 

The lung "burden after 8 months of exposure has been* about 
7 mg for PVC, 4 mg for titaniun dioxide and 0.6 mg for iron 
powder at the highest concentration. The PVC dust inhalation 
^caused a severe retardation of the lqng^tferin lung clearance 
of labelled polyftyrene particles at tfie medium and high 
•concentration. For iron powder and titaniun dioxide 
inhalation only in the high concentration group a small" “ 
retardation of lung clearance was detected. s 
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PULMONARY DISTRIBUTION OF DIFFERENT AEROSOL PARTICLES AS A 
FUNCTION OF TIME AFTER INHALATION BY RATS - 
Elisabeth Drosselmeyer *, H.L.Miiller*, S.Pickering**, 

A.Seidel* *Kernforschungszentrum Karlsruhe, Insti^ut fur 
GeneCik und Toxikologie, D-7500 Karlsruhe, Commission of 
the European Communities, Joint Research Center, European 
Institute for Transuranium Elements, D-7500 Karlsruhe 

In order to assess the risk after incorporation of aeMeoll 
particles it is essential to know the concentration oPs^is^ 
toxicant in the different parts of the lung and its trans¬ 
location and'excretion as exactly as possible. In the pre¬ 
sent study young female Sprague-Davley rats Inhaled nose- 
only for twt> or f<?ur hours* either spherical Co-oxide par¬ 
ticles of two. different sizes or U/Pu mixed oxide particles 
of different shapes (spherical or irregular) and sizes at 
various dose levels, and were sacrificed between three days 
and six months after exposure. For Co-oxide the degree of 
inhomogeneity -was higher for the larger particles (AMAD * 

2.7 urn) than for the smaller ones (1.4 pm). In case of the 
U/Pu mixed oxides (0.9 and 1.5 pm) the administered dose 
(0.4 - 13.1 kBq/kg) had a marked influence on the relative 
intrapulmonary concentration (X of total lung burden per 
lobe / X of total lung weight of the lobe). In all the ex¬ 
periments the right apical lobe had the highest relative 
concentration with a tendency to increase further at later 
time intervals t The results will be compared in detail with 
those from other studies Morgan et al.. Rad, Res. 93 (1983) 
O. Raabe et al.. Aerosols: Formation and Reactivity, 2nd 
Int. Aerosol Conf. Berlin, Pergamon (1986)J on different 
species, with the aim of broadening the basis for extrapola¬ 
ting from animal studies to an estimate of the potential 
toxicity of Inhaled aerosols in people. * 










Source: httpsV/www.1hdustrycloduments.ucsf.edu/cl0cs/fmhl0000 
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PHARMACOKINETICS OP INHALED 2-NITROPROPANE*IN 
j rat - B. .Denk, E. Demi, D. Oesterle, K.Hofiui#r^ 

and J.G. Filser , Institut fur, Toxikologie^ ‘ 0SF ' 

D*B042 Neuherberg, FRG 

r -> 

* 9 

The solvent 2-nitroproparie (2-NP) is referred to 
dose—dependently* produce liver necrosis and 
, hepttocarcinoma in the rat;./Since this may. be 
.* caused oy reactive metabolites we studied the 
rate of metabolism in dependency of the atmo¬ 
spheric concentration of 2-NP. «. 

Two male or two female Sprague-Dawley rats were 
exposed simultaneously to gaseous 2-NP in closed 
all glass exposure systems (21 1). Due to exten¬ 
sive reaction of 2-NP with the carbon dioxide 
absorbent soda lime the latter was omitted. The 
initial gas concentrations ranged from 50 ppm up 
to 1600 ppm. The concentrations were measured 
. gaschromatographically. Concentration-time-rcur- 
ves were followed over the exposure time up to 
3 h. In two experiments the experimental proce- / 
dure was modified to allow 8 h . exposure. Ph^ma- 
cokiftetic # parameters were determined as Jpre —^ 
;vi'ously da^^Pibed (Simon et al. .(1985), Arch. 
Toxicol. 57, 191). 

At all concentrations no saturation kinetics 
were observed. In both sexes the decay of 2,-NP 
followed strictly ^first order, kinetics. The 

.metabolic* clearance ^correlated *with ' the atmo¬ 
spheric, concentration and amounted* to 24000 _+ 

3000 (ml/h *kg b.w., + S.D.). This value 

approaches the ventilation - "rate .in^ thi^ species. 

' The rate of metabolism 
to the exposure concentration and reached-^980 
umol/h-kg b.w. at 1000 ppm. From the linear 

kinetics and the high metabolic clearance it can 
be^rdeducted that the rate of 2-NP metabolism is . 

mainly limited by pulmonary uptake. 

Additionally,’ at exposure condentrations of up. 
ivfti g&iQ d ppm pretreatment with dithiocarb (200 

, i.p.), an effective inhibitor of 

fome P450 mediated metabolism, resulted % In 
Ah inhibition of 2-NP metabolism by only 60%. 
.This supports in vitro findings that 2-NP me- 
tabolism^ not exclusively proceeds via mixed 
functiofi oxidases. ^ 


saturation kinetics 
the decay of 2,-NP 
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PHYSIOLOGICALLY BASED MODELING OF ORGANIC SOLVENT TOXICOKINETICS 
BY SPREAD-SHEET PROGRAMMING ON A PC - G. Johnson and P.H. 
Naslund, National Board of Occupational Safety and Health, 

S-171 84 Solna, SWEDEN. 

•* i 

The principles and advantages of physiologically based 
kinetic modeling of xenobiotica as well as of Inhaled solvents -are 
well established. Many different models and programs have been 
used, but most are difficult to operate and/or limited in their 
application. We have developed a concept, where a simple program 
is run in the form of a spread-sheet program (Microsoft® Excel) 
macro instruction on a personal computer (Apple Macintosh™ Plus). 
The model parameters are entered and stored in tabular form, and 
any variables may be plotted. All* parameters and procedures have 
default values and simulations can be performed by a- beginner 
after a few instructions. With some knowledge of the Excel spread¬ 
sheet program and of physiological modeling by defining a sjet of 
mass-balance equations, the model can easily be altered or 
designed in any fashion, e.g. by introducing Michaelis-Menten 
kinetics, metabolite(s) kinetics etc. 

The outcome ot the Excel program was identical to that of a 
Fortran based program Intended for the general solution of 
differential equations (Dare-p), when the same models were run. In 
terms of processing time, the Dare-p program was somewhat faster. 
However, considering the total time spent at the computer, the 
Excel program was much faster. 

The concept is illustrated- by program listings and graphical 
results from the simulation of the toxicokinetics of some organic 
solvents (see example below), although it is applicable for the 
modeling of the kinetics of any substance in the body. When using 
this concept the efforts may be concentrated on the problems 
related to the toxicokinetics of the substance, rather than on the 
computer and its programming. 

Cone. (jiM) Retention <%) 



Time (min) , 

Exposure to styrene during light physical exercise on a bicycle 
ergometer . Comparizon between sirtnrlatejd curve and experimentally 
obtained values. took less than 5 min to obtain the plot, 
counted from the "start of the simulation. * 
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PULMONARY DEPOSITION, RETENTION, AND CLEARANCE 
OF A PIGMENTED POLYMER IN RATS - H. Muhle l 

B^llmarm 1 , O. Creutzenberg 1 , R. Kilpper 2 , and ’ r! 
Merfhelstein 2 

1* Frailnhofer-ln$titut fur Toxikologie and Aerosolforschune, 

Hannover 61, F.R.G. ^ 

* ' 1 

2* Joseph C. Wilson Center for Technology, Xerox 
Corporation, Rochester, NY, 14644, U.S.A. 

We have defined the Maximum Functionally Tolerated Dose 
(MFTD) of a material as the lung burden for which macrophage 
mediated lung clearance is not significantly impaired. In order 
to establish its value for the pigmented polymer, a*90-day 
subchronic inhalation study of*a toner fraction was conducted 
by exposure of groups of F-344 rats for six hours/day, five 
days/week for 13 weeksr^he test-material used jvas a specially 
prepared and characterized powder sample identical to 9000 
type xerographic toner, except that its ACGIH respirable 
fraction was enriched about 10-fold to 35%. The exposure 
concentrations used were 0, 1.0, 4.0, 16.0, and 64.0 mg/m* total 
mass. 

Clearance results for the test materia) and a superimposed 
spike of Fe 3 * iron oxide were essentially unchanged at exposure 
concentrations of 0, 1 and 4 mg/m 3 when measured at different 
times during the exposure period. At 16 mg/m 3 , /some 
indications of slightly retailed iron oxide clearance weref noted 
after 90 days of exposure. At 64 mg/m 3 , no appreciable toner 
clearance was observed after 60 and 90 days of exposurV, and 
clearance of the iron oxide tracer was significantly retarded 
after 30, 60 and 90 days. A 

Based upon the above observations, as well as the increase\in 
lung weight, the maximum functionally tolerated dose of test 
material (MFTD) in this subchronic study was exceeded at the 
64 mg/m 3 exposure level. j 


! ;| twnu, Jfci" 
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KINETICS OF THE ACCUMULATION IN THE LUNG AND 
ASSOCIATED LYMPH.NODES OF INHALED MINERAL DUSTS 
DURING PROLONGED CHRONIC EXPOSURE 

« 


J.H. Vincent, A.D. Jones, A.M. Johnston, C. McMillan. 
(Institute of Occupational Medicine, Edinburgh, 

" Scotland, United Kingdom). * 


Experiments have been carried out using laboratory rats 
exposed to fibrous and non-fIbrous-, toxic and non^toxic, 
and relatlvely-insoluble mineral dusts under chronic 
• exposure conditions for airborne respirable concentrations 
from 0.1 to 100 mg/m*. The aim was to investigate the 
accumulation of dust In the lung and associated lymph 
nodes. The results hashown consistently that, after 
an initial non-linear phaseikiring the\earlier part of the 
exposure history, l\ n 6 butden becomes a 
linearly-increasing f u ndT' Klp q exposure time. 
Furthermore, lung burden scales directly with respect to 
the respirable concentration over Its full range. The 
corresponding results for the lung-associated lymph nodes 
suggest that substantial accumulation of dust In them does 
*not'begin until lung burden itself has reached a certain 
threshold. That threshold is lower for toxic than for 
non-toxic dust. However, once accumulation has begun, 
the actual rate of transport is not markedly dependent on 
toxicity. 

The experimental results form the basis of an improved 
mathematical model for the kinetics of accumulation' of 
lung and lymph node burden. The central feature of the 
model is the sequestration of particles at locations from 
which they cannot be cleared (possibly by focal 
aggregation in macrophages in alveolar spaces, entrapment 
within epithelial cells and in the alveolar interstitlum 
and/or entrapment within areas of fibrotic pathological 
change). 

V 

This model is now being used to explore the relationship 
between exposure and dose for humans chronically^exposed 

to mineral dusts in the occupational environment. It 
provides results which are markedly different from those 
obtained using previous models. 
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CARBON FIBRES: RESULTS OF A FURTHER SURVEY OF PROCESS 
WORKERS AND THEiR ENVIRONMENT IN A FACTORY PRODUCING 
CONTINUOUS, FILAMENT - H.D. Jones , Courtaulds pic, P.0. Box 
16, Coventry, W. Midlands, U.K. 

Carbon fibre production was started in 1972. Process 
, workers engaged in all aspects of production have been 
kept under medical surveillance since the initial start-up, 
which included radiographic, spirometric and respiratory 
questionnaire and examination. 

Dust concentrations have been low, mean^level being 
0.39mgrnm- 3 total dust and 0.16mgmm- 5 respirable dust, the 
mean carbon fibre diameter being. fracturing 

laterally, but hot longitudinally into fibrils. 

Follow up-results since inception of the producing have 
revealed no evidence of ill effeot on the lungs. 








SobH'ce: https://www.industrydDCuments.ucsf.ed 
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NON-lINEAR RELATIONSHIP BETWEEN THE DOSE DEPOSITED IN THE 
RESPIRATORY TRACT ANO THE.OOSE TO TARGET TISSUES. M.A. 
Medinsky and R.O. McClellan . Lovelace Inhalation 
Toxicology Research Institute, Albuquerque, NH 87185 

•Polycyclic aromatic hydrocarbons such as the respiratory 
tract carcinogen, benzo(a)pyrene are emitted into the 
atmosphere as a result of fossil fuel, gasoline and diesel 
fuel combustion. These compounds may pose a health risk 
to people if inhaled and retained in the respiratory 
tract. Studies were conducted in'which rats were given 
doses of ^ 4 C-benzo(a)pyrene, ranging from 6400 ng per g 
lung to 16 ng per g lung. Rats were sacrificed.at various 
times after administration and the total ^ 4 C in the lung 
and 14 C covalently oound to macromolecules was deter¬ 
mined. Two-component negative exponential functions were 
fit to the data obtained. With increasing dose (16-6400 
ng), an increasing percent (89-99.76) cleared with a short 
half-time (less than 1 day) and a decreasing percent 
(11-0.24) cleared with a half-time greater than 1 day. 
Equilibrium levels of benzo(a)pyrene in lungs, predicted 
for continuous exposure to benzo(aJpyrene, ranged from 3.3 
to 100 ng/lung ( j a factor of 30), although the amount of 
benzo(a)pyrene administered^varied by a factor of 400. At 
24 hours after dosing, from* 1 to pmoles of <] 4 C was found 
bound to lung macromolecules regardless of the dose 
administered. These data suggest that linear extrapola¬ 
tion from high dose studies to environmentally relevant 
concentrations of* inhaled materials would tend to 
^underestimate the lung burdens of benzoUJpyrene and thus, 
potential health risks. [Research supported by the Office 
of Health and Environmental Research./U.S^ Department of 
Energy under Contract No. DE-AC04-76EV010T3.] 
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TOXICOKINETICS OF INHALED PURE AND PARTICLE-ASSOCIATED 
ORGANIC CHEMICALS. J.A. Bond* O.D. Sun, M.A. Medinsky, C.E. 
Mitchell* R,K. Wolff* and R.O. McClellan. Lovelace Inhala- 
lon Toxicology Research Institute 9 * Albuquerque, NM-87185 


Classes of organic compounds such as polycyclic aromatic 
hydrocarbons (PAH)* nltro-PAH, aromatic amines, and aza-^ 

. arenas have been detected In emissions associated with 
energy production and use. These chemicals are associated 

* with respirable particles and many have known mutagenic, 
carcinogenic, and/or toxic properties. There Is a paucity 
of data on the fate, target organs, and potential human 
health risks associated with Inhalation exposure of these 
chemicals. Toxicoklne.tlc data have been obtained for 
Inhaled benzo[a]pyrene, nltropyrenei anrinoanthracene, and 
phenanthrldone both In pure forms and associated with car¬ 
bonaceous, organic, end Inorganic particles. Rats were 
exposed by no^e-only Inhalation to aerosols of the dlfferm¬ 
ent chemicals. Following each exposure, rats^were sacri¬ 
ficed at various times and tissues were removed fo 

* analysis of parent compound and metabolites. In alT cases, 
the rate of clearance of material from the respiratory 

* tract occurred In two phases, an Initial rapid phase and a 
subsequent slower phase. In general, when the chemical was 

* Inhaled In pure form, over 992 of the Inhaled material was 
rapidly cleared with a half-time of less than 1 day. 
However, vhen the chemical was Inhaled on particulate 
matter a significant fraction of the Inhaled chemical was 
retained In the lungs (up to 502) and this fraction cleared 
with-a half-time pf > 1 day (l.e. 1-30 days). The data 
obtained for the different chemicals “have been used to 
predict lung concentrations of the Inhaled chemicals In 
humans. Equilibrium lung burdens were predicted for humans 
using tfae~animal texlcokinetic data and hypothetical 
exposure conditions (3.5 ng partlcles/L *1r, 8 hr/day, 0.12 
PAH coating). The rate constants used for each calculation 
were taken from the toxicoklnetlc studies. The data 
Indicate that chemicals coated on partlcless yield 
equilibrium lung burdens up to 1000 times higher than from 
exposure to pure aerosols of PAH. In summary, the results 

* from these series of studies have shown that particle 
association of chemicals influences the rate of clearance 
of those chemicals. T^e data predict that under some 
conditions j(e.g« particle association) lungs can accumulate 
arignlftcant quantities* of Inhaled chemicals. [Research 

y performfkl under tJO\Contract No. DE-AC04-76EV01013. ] 


i K 


i 


i 


j 




SIGNIFICANCE OF THE EXTRAALVEOLAR PERWASCUJLAR 
SHEATH IN THE ALVEOLAR CLEARANCE OF INSOLUBLE 
PARTICLES - S. Takenaka, H.'Muhle, B. Bellmann 
and^U. Mohr, Fraunhofer Institut fuer 
Toxikologie und Aerosolforschung, Hannover, FRG 


Previous inhalation studies on the localization 
of insoluble particles in the alveolar regions 
showed frequent deposition of the particles in 
the perivascular space of small blood vessels. 
Jt was suggested that the particles were at 
least IirNpart translocated to the lung- 
associatea\lymph nodes after having entered the 
extraalveolar perivascular sheath. 


In this experiment we compared, the alveolar dis¬ 
tribution df 5 types of insoluble 'particles 
inhaled at various concentrations by rats. (Fly 
ash from- coal fired power plants, Ti02-anatase, 
Ti02-rutil, plastic powder, iron powder; 1 to 
20 mg/m3, 3-12 months exposure). 


We found frequent deposition of particles in the 
extraalveolar perivascular sheath in every group 
exposed to concentrations higher than 5 mg/m3. 

In addition, particle-laden alveolar macro¬ 
phages had sometimes aggregated in the alveolar 
lumen, especially near the periyascular space 
and subpleural regions. At concentrations lower 
than 2 mg/m3, particle deposition rarely 
occurred in the perivascular space. However, 
slight* accumulation of particles was always 
observed in the peribronchial^lymphatic tissues 
ar^ the lung-associated lymph nodes. 

These findings confirm that the extraalveolar 
perivascular sheath plays an important role in 
the alveolar clearance of insoluble particles 
inhaled at high concentrations. At lower con¬ 
centrations it is difficult to obtain 
morphological evidence for the alveolar 
clearance route, however, it cannot be excluded 
that the partiqles are also cleared via the 
perivascular space to the lung-associated lymph 
nodes. 
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W!CUMULATION OF ETHOXYACETIC ACID BORING REPEATED EXPOSURES 
ETHERS OP ETHYLENE GLYCOL AND ETHYLENE GLYCOL 
ACETATE* - H. Veulagana , D. Groeseneken, R. Hassche eln, 

2 1 Van Vlea~ PaparSant of Occupational Medicine* Ca • 
University of Louvain, B-300O Louvain, Belgium. 

Ethoxy ace tic acid (EAA) uaa found to be a aajor “tinary «- 
taboUte of both the'ethyl ether of ethylene glycol (EGEE) 
ana of ethylene glycol acetate (EGEE-Ac) In “ 

oerimental exposures of human®* Because of it J 

longbiological half-life (22-25 h> in these experiments, 
it was believed that this metabolite could accumulate du 
ring repeated expoaurea. Thie uaa investigated in a group 
of I woMm/vlth daily occupational exposure to ECEE and 

“uW expoaurea -ere nonitored per .Mft-h.lv.s ~d 
urine ample, were taken before and after ahiifta «Ju lng 
2 ob.erv.tlon period, of reap. 5 and 7 da 7 9 - “ ily 

•WiAinrea were fairly constant with an overall mean 
value of 14 ng/n’ (sun of EGEE and EGEE-Ac in equivalent 
amounts of EGEE). Urinary EAA.excretions showed “elearln 
crease during the-work week. Elimination dur lngthe»eek 
ends ».» far fron co-pletr and even efter a P™ 1 ™**? *?“ 
riod without exposures (12 days), trace* of the 
were .till detectable in urine (1.2 - 2.6 mg/g creatinine). 
Maxim, at the end of a complete working -eek -ere eatln.ted 
at 150 + 35 mg EAA/g creatinine ful1 sh * ft e 

poaure. - to 19 mg/m’ EGEE or 27 mg/m EGEE-Ac. ■ 
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INTERSPECIES COMPARISONS OF PULMONARY RESPONSES TO INHALED 
PARTICLES AND FIBERS: IMPLICATIONS FOR TOXICOLOGIC EVALUA¬ 
TIONS - DB Warheit , MS 'Stefaniak, and MA Hartsky* Du Pont - 
Haskell Lab., Newark, DE, USA. ‘ 

Some of the major challenges for inhalation toxicologists 
involve the extrapolation of animal data to humans and to 
define *the mechanisms of particle-induced lung toxicity. 

This is a difficult task* in part because interspecies diff¬ 
erences abound, both in the lung as well as in other organs. 
Since toxicologic testing frequently requires utilization of 
several species, it would be useful to make Interspecies 
comparisons of inhaled particulates under identical exper¬ 
imental conditions. Accordingly, we are Investigating the 
lung responses of different rodent species to standard 
inhaled doses of either asbestos or carbonyl iron (Cl) part¬ 
icles. Additionally, in vitro morphologic and functional 
studies were carried out on pulmonary macrophages (PM) 
recovered by bronchoalveolar lavage to complement the in 
vivo inhalation studies. 

Rats and mice were exposed to aerosols of chrysotile 
asbestos for 1-3 hr (10 mg/nr). In addition, 2 strains of 
rats, 3 strains of mice, and 1 strain each of hamsters and 
guinea pigs were exposed to aerosolized carbonyl iron part¬ 
icles for 1,3, or 6 hrs at 100 mg/m Scanning electron 
microscopy of dissected lung tissue revealed that asbestos 
fibers and carbonyl iron particles deposited preferentially 
on alveolar duct bifurcations regardless of the species.' 
Decreased numbers of particles were counted on bifurcations 
of guinea pigs compared to rats and mice. Time course 
studies showed that increased numbers bf rat PM migrated to 
sites of particle deposition (p<0.05) and this correlated 
with an enhanced percentage of phagocytic Macrophages foll¬ 
owing recovery by lav^gfe (p<t).01). In vitro functional’ 
studies demonstrated that mouse PM phagocytic rates were 
depressed compared to the other 3 species. The resists of 
chemotaxis studies demonstrated that PM in both rat strains 
migrated well to zymosan and Cl activated sera (p<0.001) 
and lavagg (p<0.05), while the other 3 species respond 
best to n-formyl peptides. Our data suggest that the rat 
is the most efficient model for clearing inhaled particles 
while hamsters and guinea pigs are more effective in 
clearing inhaled bacteria. ^ 
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* FATE OF INHALED PARTICLES, DETERMINED BY NEUTRON ACTIVATION 
- A.P. Wehner, Battel1e, Pacific Northwest Laboratories, 
Richland, VA 59352. 

. ; ^ 

Pulmonary deposition, translocation and clearance of in¬ 
haled. particles are important parameters in determining 
bipleQic&l effects ^and health risks of air pollutants. 
Nedtron activation ffc'QvIdes a., very sensitive technique to 
develop this information, which we have used to determine 
the fate of talc baby powder and fly ash in hamsters. Mount 
St. Helens volcanic ash in rats, and cigarette smoke in 
dogs. The rodent data are reviewed here. 

r 

. * * " 

Neutron activation.produced radionuclides in the irradiated 
material, of which 46 $c, 59 Fds and 60 Co served as tracers. 
Rodents received single nose-only exposures to the irradi¬ 
ated dusts. Groups of four to six animals were serially 
sacrificed up to 4 months after exposure. Lungs, other 
tissues of interest, and ‘excreta were subjected to y-ray 
analysis. Detection limits were *0.1 disintegrations/min, 
allowing detection of 10- 11 g quantities of these elements. 
Analyzing for more than one radionucltde" and comparing 
tfoeir ratios , in the bulk dust to those in the*tissi|es or 
excreta Indicated whether a radionuclide represented parti¬ 
cles in the tissue samples or had leached from th^ dust 
particle / 

. . / 

Six to 8% of inhaled talc was initially retained ih the 

alveoli, with a biological half-life of 7 to 10'days.' Al¬ 

veolar clearance was essentially complete 4 months .after 
exposure. No translocation of talc to live?/, kidneys, 

^oitaries, or other parts of the body was found- Pi cogram 
quaritTtTes-of 60 Co found in the urine probably/ represented 
leached 60 Co. ^Twa-t^3X of inhaled fly as+vwas initially 
^retained • in the respiratory ‘tract. Estimated biological 
.half-lives were 3 and 35 days for airways and^elveoli, re- 
speclJfyeiy. After 99 days, the mean lung burden had de¬ 
creased to *10% of its initial Value; extrapolation*sug¬ 
gests near-complete pulmonary clearance at *200 days after 
exposure. About 6% of inhaled volcanic ash Was initially 
retained Tn the deep lung, with a biological half-life of 
39 days. Mean lung bqrdens had decreased to *20 and 10% of 
their initial values 90 and 128 days after exposure, re¬ 
spectively. 
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CONCENTRATION-TIME RELATIONS IN ACUTE INHALATION TOXICITY. 

A THEORETICAL STUDY - A.L.M. Rutten, A. 2wart . P.C.J. Reutel, 

TNO-CIVO Toxicology and Nutrition Institute, P.O. Box 360, 3700 AJ 
Zeist, the Netherlands. 

Dose-response relations can be written aa Cexp n .t ■ constant, which 
can be transformed to P * bo + bjlnCexp ♦ b 2 lnt, (equation 1), 
with: P ■ probit response; bg, bj, l >2 constants; b^/bj ■ n; 

Cexp ■‘exposure concentration; t * exposure time. 

We considered theoretical models on* distribution and working mechanisms 
of local and systeaical acting agents to determine the range of values 
of n. 


Local- (Agents acting on conductive airways and respiratory epithelium). 

a. Agents acting on a location (loc) close to the source of exposure 
*(nose, upper airways): C(loc) is almost immediately Cexp, and is 

independent of the exposure time; b 2 in equation l is 0 and n * » . 

b. Agents acting on a location further away from the source of exposure 
(alveoli etc): C(loc) • Cexp (l-e“* lt -e“l t - ,..) with k, 1, ... 
constants. If k is the largest constant than n • l for 0<t<2k~l; 
n>l for t>2k~* and n • • for t \ 


Systemical- (Agents acting on a target organ (t.o)after having been 
transported by the blood circulation) 

a. Exposed agent is acting agent. 

C(t.o) • Cexp (l-e“* tt -e~* t - ...). Again if k ia the largest 
constant n » 1 for (Kt<2k~*; n>l for t>2k*^ and n • • for t ■ *. 

b. Exposed agent ia metabolised to an ^ting agent or causes eneyme 
-- deactivation. 

- Metabolism or deactivation follows first order kinetics: 


4— “ l" —P— with Vm and Km constants. The amount of metabolite 
dt Km * Cexp 

or of deactivated enzyme ia / Cexp (l-e‘“* tt -e"”^ t - .«.) • 

Cexp (t ♦ ♦ l'le - !* ♦ ...)-Cexp. 

For 0<t<2k’ 1 n • 2’ 1 and for e>2k“! n • 1, if k is the 
largest constant.' 

- Metabolism or deactivaticp follows xero order kinetics: 

£- v. , * 

d t » 


The amount of metabolite or of deactivated enzyme is independent of 
the exposure concentration; bj ■ 0 and n ■ 0^ 


Conclusions 

- A value of n between 0 and «• ia possible for both local and systemical 
acting agents. 

- n ia a function of the range of exposure times and will generally 

increase for the longer exposure periods for exposed agents that are 
acting agents. • “ 

- For exposed agents that are metabolised to acting egent -or that cause 
deactivation of enzyme Habers rule (P • Cexp.t) with n • l can be 
applied for longer exposure periods. 











Source: https://www.industrydocuments.ucsf.edu/docs/fmhlOOOO 
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INTERPRETATION OF EARLY LESIONS IN THE MOUSE LUNG: FIBRO- 
GENESIS AND TUMORIGENESIS H. P. Witschi . Oak Ridge 
National*Laboratory, Biology Division r Oak Ridge TN 37831 

* 

In mouse lung, fibrosis (measured as an increase in total, 
collagen' may develop following acute diffuse lung injury 
caused by sucfi agents as butylated hydroxytoluene TBHT), 
bldomycin or cyclophosphamide. It is possible to amplify 
the fibrotic process by exposing BHT-damaged lungs to 
X-rays. Presumably, X-ray treatment interferes with 
repafr of the alveolar epithelial lining, allowing fibro¬ 
blasts to grow uninhibited. However, X-rays failed to 
potentiate fibrosis following exposure to bleomycin or 
cyclophosphamide. A reevaluation of -ell kinetics follow¬ 
ing diffuse lung ^njury showed that it was possible to 
divide agents into two groups. BHT, methylcyclopenta- 
dienyl manganese tricarbonyl, CdCl. or oleic acid produced 
peak alveolar type II cell proliferation within 14 days. 

- Cytostatic agents such as bleomycin, cyclophosphamide, 
BCNU or> busulfan produced little cell proliferation. , 
Moreover, alveolar type II cells only began to synthesize 
DNA k to' 2 weeks following acutq.- lung injury. It is 
possible that delayed *reepithel4zation' is responsible 
for the development of fibrosis.. seen after one* single 
administration of these cytostatic agents. 

Lung tumors #are derived from "type II alveolar cells or 
from . Clara cells, depending on mouse strain. Certain 
carcinogens such as urethan produce cell hyperplasia 
whereas otrsrs such as 3-methylcholanthrene (MCA) fail ' 
to do so. Enhancement ("promotion") of lung tumor 
development also appeal's to be independent of cell prolif¬ 
eration. Repeated injections, of BHT following a single 
dose of MCA will promote lung tumors even in the absence 
of all recognisable cell hyperplasia in. the alveolar 
zone. On the other hand, hyperoxia (70$ Aor 4 months) 

'. produces alveolar and bronchiolar hyperplasia and an 
increase in ornithine decarboxylase activity. The devel- * 
^opment of tumors is practically abolished. In conclusion, 
knowledge of cell kinetics in the lung may help on occas¬ 
ion to anticipate a certain pathologic response but also 
can be misleading in predicting long-term responses/ 
(Operated^by Martin Marietta Energy Systems, *Inc. with 
U.S. department of Energy.) 



Source: https://www.indus 


RELEVANCES MAN OF EXPERIMENTALY-INDUCED PULMONARY TUMOURS 
►IN RATS AND HAMSTERS - U. Mohi* and D.L. Dungworth, Hannover 
Medical School, Hannover, FRg an’d"University of California, • 
Davis, CA 95616." * - 

tfiae variations in incidence and types of pulmonary tumors 
among various species'of animals are well recognized. In 
comparing human pulmonary tumors and those induced [>y respi- ... 
ratory tract exposure of rodents to chemicals, the focus has 
mainly been on differences in topographic distribution and / 
histogenetic classification. Currently, four mechanistic 
aspects of pulmonary carcinogenesis are being explored which 
can help explain differences between human and experimen¬ 
tally-induced rodent tumors*/ 1} dosimetry of inhaled materi¬ 
als responsible for differences among animal species in "ana¬ 
tomic sites of maximum local dose £o epithelial cells;* 

2 ) variations in epithelial cell populations among species, 
particularly with respect to xenobiotic metabolism; 3) seri¬ 
al morphologic and functional correlations during carcinogen¬ 
esis in vivq ; and 4) studies of events leading «to transfor- 
matiorT’of eultured cells in*v»i,tro . Comparative dosimetry . 
and epithelial cell biology are considered elsewhere in this 
Symposium. This paper concentrates on information being' 
developed from in vivo and in vitro carc3nogenetic studies in 
rats or hamsters .* 

Activation of oncogenes and expression of their proteii 
products are under intensive investigation as fundamental 
components of the set of carcinogenetic mechanisms. Studies 
of lung tumors induced in rats and mice, by chronic inha'a- 
tion of tetranitromethane reveal that 4A? dominant transfor¬ 
ming gene is a Ki-ras oncogene activated by mutation at the 
twelfth codon. This was the case Irrespective of tumor type 
and host species. Since the Ki-ras oncogene appears so far 
to be the most Important activated oncogene in human lung ^ 
tumo*^, these findings provide preliminary evidence of the 
funJamental similarity of the rodent and human tumors. More 
important is to determine whether the sequence of oncogene : 
activation and expression of products during the c6mplex^ 
morphogenesis of lung tumors is similar In humans and 
animals. 

Cel Vculture studies enable direct in vitro comparison of 
human and rodent dells and can provide quantitative data that 
can be used in scaling from the animal to man. Evidence to 
date indicates that fetaT human broncho-alveologenic cells 
are less susceptible to toxic effects and DNA damage by the 
direct-acting carcinogen ethylnitrosourea. Culture condi¬ 
tions for comparing effects of indirect-acting carcinogens 
are being explored. 
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A STllW OF THE PATHOGENESIS OF BffHYSBMA ASSOCIATED WITH 
LONG TERM NO 2 EXPOSURE - J.JQeinerman and 1JJ.P.C. Ip, Depart¬ 
ment of Pathology, Case Western Reserve University School 01 
Medicine at Cleveland Metropolitan General Hospital, Cleve-. 
land, OH 44109 

Current concepts of the pathogenesis of eqphysema are based 
on the relative balance between elastolytic (E) and anti- 
elastolytic (AE) factors; In oyder to study the dynamic,in¬ 
teractions during lung injury we have determined the quanti¬ 
tative change in (E) and (AE) forces in the alveolar lavage 
fluid of Syrian male hamsters following long term NO- con¬ 
tinuous and intermittent exposure to NO- in concentrations 
of 30 ppro. The^l antielastase Q/.AE)^and 2 macroglobu¬ 
lin Q/ 2M) concentrations in alveolar fluid and in plasma 
and thr neutrophil (N) and macrophage (M) concentrations in 
the alveolar fluid (AF) weTe determined during a continuous 
12 month perio^W- exposure. Studies were done at inter¬ 
vals of 1,3,7,10,14,21 and 30 days and at 3,6,9 and 12 month 
Plasma (P) and (AF) a( - AE and <* ,M were determined by radio 
imunoassay (RIA). Total (N) elaStase (EL) concentration 
was derived from the (EL) content of an aliquot jf purified 
neutrophils and the total (N) content of, the alwolar fluid 
at each sailing interval. The alveolar G^.AE) and^f^M 
concentrations increased markedly within the 1 first 24 nr of 
NO- exposure, as compared to controls (C) thereafter it 
decreased progressively with continuing exposure, until.day 
30 and thereafter, when it returned to control levels. The 
specific activity of the -AE] is markedly depressed after, 
the onset of NO,, but increases to control values*at 30 
days. The (P) levels of jC \AE and -M during NO, show no 
significant changes from (C 7 . The Ov and (M) content oT~ 
the AF increases markedly within the first 14 days of N0 l. 
The (N) concentration returns to near control levels jatnin 
30 days, whereas alveolar (M)s decrease more gradually and 
remain at levels greater than control even after 1 ? months. 
Stoichiometric comparisons of the alveolar ,AE and 1 [N) 
elastase concentrations indicate an excess or'antielastases 
at all. times during the NO- exposure. , This circumstance 
would minimize the destruction of alveolar elastin and 
limit the extent of the emphysema. This supports the path¬ 
ologic ami morphometric findings of minimal emphysema found 
in the lungs of the NO- exposed groups. 

Similar studies were performed in hamsters exposed to 
a series of three intermittent exposures to NO- (30 ppm) for 
7 days followed by removal f rom NO- for 14 days. The Stoich¬ 
iometric conparisons of alveolar (AP and (N) elastases again 
indicate no excess of elastol^ic activity at any tune 
Airing or after the schedule of exposures. 

these Studies indicate the need to^ncredSfe the elas- 
tolytic s tiaul us in the lung wl^le sjjJuSfcneously diminish* 
ing the antielastolytic activity in the design of an 
improved experimental model of human enphysema. 


* 


Source: https://www.i 


COMPARISONS OF RESPIRATORY FUNCTION RESPONSES OF LABORATORY 
ANIMALS AND MAN - J.L. Mauderly . Lovelace Inhalation Toxi¬ 
cology Research Institute, Albuquerque, NM 87185. 

The respiratory function of man is measured in clinical, 
occupational and epidemiological settings to detect and 
characterize functional abnormalities and to follow the* 
progress of lung dip4ase. The pulmonary health of man is 
often described solely on the basis of measured function. 
Methods have been adapted so that function parameters 
measured in man can be measured in-animals, including 
multiple indices of breathing patterns, lung volumes, 
parenchymal and airway mechanics, intrapulmonary gas dis¬ 
tribution, alveolar-capillary gas exchange, pulmonary 
perfusion and blood gases. Specific techniques used for 
man and animals often differ, due primarily to the need for 
animal restraint and the inability to obtain voluntary, 
controlled respiratory movements from animals. However, 
tests of animals rarely need to be Invasive beyond anes¬ 
thesia, many can be performed without anesthesia, and all 
can be performed repeatedly. Because of differences in 
measurement technique and because the lungs of man and 
animals differ structurally, It is Important to determine 
if measured functional responses to airway irritants and 
lung injury are similar in animals and roan. Data on func¬ 
tional responses of man and animals to inhaled irritants, 
bronchoactive drugs, and pulmonary diseases (inflammation, 
emphysema and fibrosis) will be reviewed*. Data from man 
and animals with radiation-induced pneumonitis and tibj^osis 
and dust-induced pneumoconiosis will also be compared. 

This information Indicates that similar lung injuries 
result in qualitatively similar alterations of respiratory 
function in man and laboratory animals, and that there are 
also many quantitative similarities. Respiratory function , 
assays are a useful tool in inhalation toxicology as a 
response endpoint, to detect and characterize lung disease, 
to study morphologic-physiologic correlates and to place 
the results of animal studies in a context that can be 
extrapolated to man.. (Research supported by the Office of 
Health and Environmental Research, *11.S. Department of 
Energy under Contract No. DE-AC04-76EV01013.) 
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BASAL TUMOURS IN RATS AFTER SHORT-TERM EXPOSURE TO CYTO¬ 
TOXIC CONCENTRATIONS OF FORMALDEHYDE VAPOUR,- V.J, Feron , 
L.M. Appel***, R.A. Vouterseo and J.P. Brwytotjes, 
TNO-CIVO Toxicology and Nutrition Institute, £tO. Box 
360» 3700 AJ Zeiat. The Netherlands 


Formaldehyde vapour has been shown to be eareinogenic to 
rats and probably also to nice (Svenberg, J.A. et al., 
Cancer.Res., 40, 1980, 3398; Albert, R.A* et al., J. 

Natl. Cancer Inst., 68, 1982, 597; Kerns, W.D. et al., 
Cancer Res., 43, 19837 4382). 

To study the chronic effects on the nose of exposure to 
clearly cytotoxic concentrations of formaldehyde during 
relatively abort treatment periods, a long-term inhala¬ 
tion study was carried out in pale rats using exposure 
levels of 0, 10, and 20 ppm and exposure periods of 1,2 
or 3 months (6 h/day, 5 days/week) followed'by observa¬ 
tion (non-exposure) periods of at most 29, 28 or 27 
months, respectively. A total of 450 rats was used. 
Preliminary results indicate the'occurrence of compound- 
related inf lavatory, hyperplastic and metaplastic 
changes of the nasal respiratory epithelium even after a 
non-exposure period of ,29 months. Grossly visible nasal 
tumours were not found. However, microscopic examinations 
carried out so far indicate the presence of a limited 
number of nasal tumours in rata of the high-concentration 
group. , 






Source: https://www.ind ustrydoc 


A RAT MODEl OF PHYSIOLOGIC ADAPTATION TO OZONE <0 3 ) - D.L. 
Costa .* J.S. Tepper, H.0. Wiester,* J.R. Lehmann, M.F. 
Weber, S. Fitzgerald, M. Stevfns, M.E. King. *Health 
Effects Research Laboratory, U.S.E.P.A., RTP, NC 2T71; 
Northrop Services Inc., RTP, NC 27709. 


Repeated daily exposure qf humans to 0 3 evokes lung dysfunc¬ 
tion which subsides or "adapts” by the 3rd or 4th day of 
challenge. To investigate morphological and biochemical 
alterations which may be related to these function^ 
changes, a rat model of adaptation was developed. Male, 
F-344 rats were exposed to 0.0, 0.35, 0.5, or 1.0 ppm O3 for 
2.25 hrs eech of 5 consecutive days during which B% C0 3 was 
superimposed for alternate 15 min periods to stimulate ven¬ 
tilation as does exercise % in the human protocols. Observed 
concentration-dependent alterations in tidal breathing para¬ 
meters were largely* adapted by day 3 in the 0.35 and 0.5 ppm 
group, but were minimally attenuated at 1.0 -ppm. In a 
second study, groups of rats were exposed to 0.0 or 0.5 ppm 
0 3 as above, but were not repeatedly monitored for func¬ 
tional changes. Instead, separate cohort groups were eva¬ 
luated each day. Preliminary functional evaluations 
indicated less adaptation than previously observed, but this 
may reflect the use of cohort groups. Immediately postex¬ 
posure the animals were killed and lungs were excised and 
weighed. The right lobe set was lavaged with st^f^e saline 
while the left lobe was fixed with 2% glutaraldehyde at 25 
cm HjO. Lavagate determinations included: albumin and glu¬ 
cose as permeability markers, cell counts and differentials, 
and o-l-antiproteinase (al-Pi) function. Freely permeable 
urea was used to calculate the lung lining layer volume. 
Lavagable cell populations did not change, but macrophage 
phagocytosis was suppressed* without evidence of 
"adaptability". Permeability, al-Pi function and lung 
structure analyses are in progress. These data will be used 
to correlate physiologic "adaptation" to 0 3 with underlying 
organic processes. This is an abstract of a proposed pre¬ 
sentation and does not necessarily reflect EPA policy. 
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centriacinar airway remodeling in rats 

CHRONICALLY EXPOSED TO OZONE - D M. Hvde . B.C. 
Barf, C.G. Plopper and D.L. Dung worth, California Primate 
Research Center, University of California, Davis, CA 
95616. 


The morphologic changes in the centriacinar region of 
lungs from 14 rats exposed to either filtered air (8) or 
0.95 ppm ozone ^(6) eight hours daily for 90 days were 
analyzed using morphometry. Rats were killed with an 
overdose of sodium pentobarbital administered I.P., the 
trachea cannulated and thoracic viscera and lungs removed 
from the chest Lungs were fixed via intratracheal 
instillation of . a paraformaldehyde/glutaraldehyde 
cacodylate buffered fixative at 30 cm water pressure. 
Lung volumes were determined by weight displacement and 
the left lung lobe was sectioned transversely into 12 slabs. 
One random block was selected from each slab, and 12 
blocks per rat were embedded in paraffin and studied. by 
light microscopy. With these sections we estimated the 
volume of proximal bronchiole, the segment proximal to 
the terminal bronchiole, terminal bronchiole, respiratory 
bronchiole and alveolar duct and sac within the lung. 
Bronchioles dissected from pre-selected regions of the 
right middle lobe were studied by transmission electron 
microscopy. Dissected terminal airways were sectioned in 
a longitudinal plane through their mid-lumen. From these 
dissected airways, four subregions of the centriacinus were 
then examined: 1) terminal bronchiole, 2) respiratory 

bronchiole, 3) centriacinar alveolar duct wall and 4) 
.centriacinar alveolar septa. The results of this study 
showed that following chronic ozone exposure there was a 
13-21% decrease in luminal' diameter and a 32% decrease in 
luminal volume of terminal bronchioles. The volume of 
proximal bronchiole was unchanged in volume. The most 
notable change was a 3.4-fold increase in respiratory 
bronchiole - volume. While the walls of terminal and 
respiratory bronchioles were significantiy thicker, the 
centriacinar alveolar duct wall was 90% thicker and 
showed a marked increase in cuboidal epithelial cells. The 
resultti> indicate that respiratory bronchiole is formed from 
centriacinar alveolar duct following chronic exposure to 
ozone, and that the narrowing of terminal bronchioles' at 
30 cm of water pressure fixation may. reflect decreased 
compliance of the bronchiolaT wall. ' 


Supported by NIEHS Grant P01 ES00628. 





Source-: https://www.industrydocuments.ucsf.eclu/ 


ROLE OF VITAMIN E IN THE DIFFERING RESPONSE TCf NO- INJURY 
JN THE RAT AND THE HAMSTER - K. Miller , D. Baylcy^and 
D.G. Walters, British Industrial Biological Research 
Association, Carshalton, Surrey, SM5 ADS, U.K. 

Pulmonary surfactant nmy exercise a dual role both in 
maintaining alveolar stability and in protecting the 
respiratory membrane against the deleterious'effects of 
lipid peroxidation and other toxic injury. We have shown 
previously that hamster and rat differ £n*the:r response 
to NO exposure and that vitamin E is present in 
surfactant obtained from lavage fluid or whole lung 
homogenate in both species. Vitamin E levels were found 
to be appreciably higher in the rat than hamster and 
could thus j>lay a role in protecting against NC> 2 toxicity 
in the rat. 

We have now investigated whether the two species differ 
in their ability to utilise vitamin E on animals 
maintained on diets supplemented with vitamin E 
(375mg/kg di^et) for a A week acclimatization period prior 
to NO^ Aposure. 

Administration of vitamin E supplemented diet increased 
both plasma concentration and the level of vitamin E 
present in whole lung in the rat. This affect differed 
from that obtained in the ‘hamster where administration of 
vitamin E increased plasma concentration three-fola but 
Miad no effect on the level of vitamin E in whole lung 
surfactant. This suggests that in addition to higher 
levels of vitamin E in the plasma the rat may differ from 
the hamster in its ability to utilize vitamin E pools and 
transport them to other organs such as the lung. This 
might provide some explanation for the greater 
susceptibility of the hamster to the N0 2 injury. 
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DOSMETRIC CONSIDERATIONS FOR EXTRAPOLATING RESULTS OP RAT 
INHALATION STUDIES TO HUMANS: CADMIUM CARCINOGENICITY 
STUDIES AS AN EXAMPLE - G. Oberddrstar , University of 
Rochester# Dept, of Biophysics# Rochester, NY 14642. 

Interpretation of re.ulte fro. ret inhalation etudiea and 
•xtrapolatioo of those results to humans requires knowledge 
in bothmrats and humans about regional deposition effici¬ 
encies in the respiratory tract# pulmonary retention half 
times of the chemical in question, the metabolism of the 
compound in the respiratory system and the sites of action 
within the respiratory tract, inhaled cadmium compounds 
have been shown to induce lung tumors in both rats and man, 
however# it appears ttfit the tumorigenic effect is much 
^gtoafedr in rats than in man. Tumors induced 'in rats by 
inhalation of cadmium seemed to be mostly of peripheral 
origin, whereas in humans inhaled cadmium induced mostly 
tumors of bronchogenic origin. Model deposition calcu- 
lations were performed assuming an eight hr/day exposure to 
. cadmium aerosols of different particle sixes, heterodis-- 
persity and concentrations. For a submicrometer sise 
cadmium aerosol - the particle size used in rat studies - 
the deposited dose per unit surface area in the transitional 
region of the lung when inhaled via the nose is about' 2 
times higher in the rat than in man, Whereas the surface „ 
area dose in the conducting'airways of both species is about 
the same. Inhalation of a larger sized cadmigpt aerosol - 
often encountered, under workplace conditions, e.g«, exposure 
to cdO duet with?a median particle size of 3um - leads to a 
• doubling of the surface area dose in the upper conducting 
sirways of man. Mouth breathing-increases the dose per unit 
surface area in generations 2-6 of the human lung signif¬ 
icantly by an additional factor of five to six. Since, 
pulmonary retention of Cd differs significantly between rats 
(T 1/2 - 80 days) and primates (T 1/2 - 770 days) this has 
slso to be considered for long-term accumulation of Cd in 
the lung. Respective model calculations show that the 
accumulated dose, of Cd per g of lung tissue is greater in 
man by a factor of two to five. .However, the dose rate -per 
g of lung tissue during cadmium aerosol exposure is more 
than fourfold greater in the rat. These results demonstrate 
that differences in the sites of tumor induction between 
rats and humans by inhaled cadmium may be due to differences 
in the aurface area dose and the dose rate. Such dosimetric 
differences should be considered when designing inhalation q 
experiments in rats and extrapolating^the results to humans. 
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Expects7^ DATA relAte to broncogenic 

Pritchard and A. Black 

Environment 31 & Medical Sciences Division, 
A.E..R.E. Harwell, Oxon, England 
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The lfr^rEHS. STUDIES ON HETHYt ISOCYANATE - J.R. Bucher, 
E.E. McConnell, B.A. Schwetz, M.D. Shelby, National 
ToxtcoTdig^fcfH^rain, National Institute of Environmental 
health Sciences, Research Triangle Park, NC 27709. 


. Prttfr to the December, 1984, release of methyl Isocyanate . 
(MICJ In Bhopal, India, few toxicologic studies had been 
performed on MIC, and the humdn health consequences for 
the exposed population wqpe unknown. Because of* this* 
the U.'S. National Toxicology Program, and National 
Institute of Environmental* Health Sciences performed 
studies with rats and mice to characterize respiratory 
Injury and to assess the pojtentlal for systemic toxicity 
through histopathologic saddles and assessments of Immune, 
reproduct1ve„and genetj-Ceffects. MIC Inhalation In 
single 2-hour explfSures* or in repeated, 6-hour exposures 
over 4 days, resulted In limned late and delayed deaths, 
both attributed to resp1rat6ry distress. Immediate 
deaths were associated with sloughing of the epithet lun 
tff the respiratory tract to the level of the bronchioles. 
In survivors,, the nasal jnucosae rapidly healed, but small 
airways remained occluded with mucus, fibrin, desquamated 
cells and flbroepKhellal sqars. Function studies 
demonstrated severe'persistent obstructive lung dlseasq 
with secondary complications of pulmonary hypertension 
and cafalpc arrhythmias. However, little evidence of 
direct systemic effects was found. MIC-exposed mice 
showed transient decreases In bone marrow cellularlty and 
hemato^feletlc progenitor cells; but no functional deficits 

• In host resistance to bacterial, viral’or malarial 

* challange were seen. Exposure during late pregnaftcy 
resulted In Increased fetal and neonatal deaths,but no 
evidence of reduced fertility or teratogenic effects was 
found. Results of In vitro and In vivo genetic toxicity 
assays were mixed amif the coqprlusTon that MIC Is weakly 
genotoxlc was based primarily on Increases In chromosomal 
aberrations and sister chromatid exchanges both In • 
cultured mammalian xelIs and In bone marrow of exposed 
mice. Despite the fact that the exposures In these 
animal studies were .toypure MIC, whereas the Bhopal 
exposures presumably weVe to MIC and various reaction 
products, these experimental findings are quite 
consistent with published reports of *the medical 
conditions of survivor's of the B ho pa 1 ^ d isaster. 
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EARLY RESPONSE OF THE SURFACTANT AND ANTIOXIDANT SYSTEMS 
IN RAT LUNGS AFTER, CADMIUM CHLORIDE INHALATION. 


J Boudreau,, R. Vincent, D. Nadeau*, B. Trottier, 

M. Fournier, K. Krzystyniak-and G. CheValier, UnivefSite 
du Q^6bec.a Montreal, QC, Canada, H3C 3P8 and*Universit6 
de Sherbrooke, Q<*f Canada, JIK 2R1. 


Ve are developing an anicftl model for assessing the, early 
effects of inhaled pollutants on the lungs in terms of 
sensitive and specific biochemical parameters. Kale Long- 
Evans rats ver& exposed to a CdCl 2 aerosol (5mg/m 3 ) for 1 
hr and were sacrificed at 1, 4, 8, and 16 days after< 
treitment.'The toxicity was assessed by studying the res¬ 
ponses of the tissue antioxidant defence and the pulmonary 
surfactant (SF) systems. Pulmpnary edema (wet/dry vt) was 
observed only on day 1. The total activities of super¬ 
oxide dismustase (SOD), glutathione reductase (GR) and 
glYicose-6-phosphate dehydrogenase (G6PD) in the lung homo¬ 
genates (HOM) increased <125%-250%; p<0.05; n=8)- through¬ 
out the study. Significant increases in the specific acti¬ 
vities *(U/mg" protein or dry wt) of G6PD were observed on' 
days 1 and 4, suggesting an oxidative stress. The,general 
increases in GR and SOD total activities seemed associated 
with the infiltration by'inflammatory celjs, as indicated 
by the increased levels of acid phosphatase and B-N- 
acetylglucosaminidase. The response of the SF system was 
monitored by assa/ing the alkaline phosphatase activity 
(AKP) and the phospholipid (PL) content in HOM and cell- 
free bronchbalveolar-lavages (BAL). The AKP*activity in 
the HOM decreased\(30%) on day 1> while no activity <;ovld 
be dete^fted in th^ BAL, indicating an inhibition of AKP by 
Cd. The recovery of PL ( in the BAL’decreased by 44% on day 
1 although .the lung PL content increased by 61%, sugges¬ 
ting an alteration in SF secretion. On day 4, the high 
recovery of PL in the BAL (£L2%)-may reflect a reduced 
recycling and/or increased secretion of extracellular 6F^ 
Also, the important changes in the AKP specific activity 
(U/mg PL) observed on days 4 (42% decrease)^ 8 (262% 
increase), and 16 <38% decrease) were interpreted as an 
indication of qualitative changes in'extracellular SF. 
Cadmium intoxication appears tp alter significantly the. 
pulmonary SF system and to produce an oxidative stress. 

The AKP activity is particularly sensitive to Cd, and "may v 
possibly provide an early and sensitive indica^dr of SF 
alterations. (Supported by NSERC and rfcSSTQ). 




it 




1 ' * J 


1 l 

r S 


' Source: https:/A^ww>fndustrydocuments.ucs4.edu/do'cs/firth‘K)00'0; . 


\ ~ * 










25016668C 


4 



EFFECTS OF A "1UISAHCE" DUST INHALATION OH LAVACABLK LUHC 
CELLS - 0. Cfutxenber* , B. Bellmann , M. Oeak and H. 
Muhle\ Fraunhofer-Xnatitut fur Toxikologie un^ Aerosolfor- 
schung, Hannover, FRG. 


Particles for Which ho specific toxic effects are known 
are classified as "nuisance" dusts. A general threshold 
limit value has been established for an occupational expo¬ 
sure to thoAr aerosols amounting to 6 mg/m 3 in Germany 
and 5 mg/m 3 in the U.S. respectively. 

The aim of the study was to Investigate effects of a 
long-term exposurenutaanA^lusts. In addition to lung 
clearance measurements, the Xinctions of the alveolar leu¬ 
cocytes were studied. Three dusts were tested in parallel. 
Test materials were titanium dioxideT polyvinyl chloride 
powder (PVC) and iron powder at aerosol doncentrations of 
3.2, 8 and 20 mg/m 3 . The exposure lasted up to 8 months. 
The used animals were female Fischer rats. Ten animals of 
each concentration group were taken for lung lavage. La- 
vagable lung Cells were exualned for the following parame¬ 
ters: total cell number, cell viability, phagocytic acti¬ 
vity v adherence and chemotaxis tests, peroxidase staining 
and differential cell counting. The results showed an al¬ 
most .constant number of total cells over all groups except 
the highest PVC concentration group, the cell number of 
which increased significantly. The number of polymorphonu¬ 
clear cells increased from low to higher concentrations. 
The results indicate more pronounced effects by PVC powder 
compared to Ti <>2 and Fe dust. Previous experiments 
during exposure of the animals have shown that PVC reduces 
alvWblar lung clearance* The relevance of these effects 
for the general threshold limit value for dusts will be 
discussed. 


METHYL ISOCYANATE (MIC) TOXICITY’-IN RATS AND GUINEA PIGS 
FOLLOWING ACUTE, HIGH CONCENTRATION. EXPOSURE - 
D.E. Dodd . M.R. Fedde, E.H. Fowler, C.M. Troup, L.A. 
Maglnniss, and F.R. Frank, Bushy Run Research Center, 
Union Carbide Corporation, Export, PA 15632 


Early reports from India indicated that humans we r e dying - 
within minutes to a few hours from exposure to MIC. To 
examine the probable causes of these rapid mortalities, 
studies involving rats and guinea pigs focused primarily 
on the consequences of acute pulmonary damage.. All MIC 
inhalation exposures were acute,-*of short duration 
(mainly 15 min.), and high in concentration (ranging from 
25 to 3500 ppm). The MIC vapor exposures were statically- 
generated in a double chamber design. Guinea pigs were 
more susceptible than rats to exposure-related early 
mortality. A greater than one order of magnitude 
difference was observed between an MIC concentration that 
caused no early mortality in rats (3506 ppm) and an MIC , 
concentration t^Lt caused partial (6%) early mortality in 
guinea pigs (22y ppm) for exposures of 10 to 15 min. 
duration. Although rat and guinea pig packed erythrocytes 
exposed iii vitro to 100, 500, 1000, or 2000 ppm of MIC 
vapor had a concentration-related inhibition of cholin¬ 
esterase activity, jin vivo exposure to 1000 ppm of MIC 
did not result in inhibition of erythrocyte cholinesterase 
activity. Also, no direct effects of MIC on hemoglobin 
function were observed in guinea pigs exposed to 700 ppm 
for 15 min. However, blood O 2 affinity was reduced due 
to severe metabolic acid—base disturbances (lactic 
acidosis). Guinea pigs exposed to MIC at concentrations 
of 240 to 628 ppm had a marked reduction in Pa02 and pHa 
and an elevated tracheal pressure during artificial venti¬ 
lation. The low Pa02 was only slightly elevated when the 
animals were ventilated with 100% 02* Thus, MIC 
inhalation caused severe pulmonary blood shunting and 
ventilation/perfusion imbalance. This, in turn, led to 
hypoxemia, metabolic acidosis, and tissue hypoxia, which 
could produce death. The pulmonary gas exchange deficit 
presumably resulted from sloughing of large sheets of 
conducting airway epithelium and mucus production resulting 
in plugging of major airways. Exposure-related degenera¬ 
tive changes were also seeg in the alveolar epithelium and 
the endothelium in both "rats and guinea pigs. However, 
the guinea pig was considerably more sensitive to MIC 
vapor. 

Copyright © 1986 Union Carbide Corporation 
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EICOSANOID PRODUCTION BY RABBIT ALVEOLAR MACROPHAGES AFTER 
IN VITRO AND IN VIVO OZONE EXPOSURE - K.E. Driscoll and 
R.B, Schlesinger, Institute of Environmental Medicine, New 
York University Medical Center, NY, NY 10016. 


This study was designed to examine the effect of ozone on 
alveolar macrophage (AM) eicosanoid biosynthesis and to com¬ 
pare the responses observed using in vitro and iii vivo expo¬ 
sure techniques. AM were obtained from New Zealand White 
rabbits by bronchoalveolar lavage, established in monolayer 
^culture, and exposed for 2 hr to atmospheres containing 
*0.0, 0.1, 0.3, or 1.2 ppm ozone. The AM were maintained in 
culture for 6 hr post exposure, the conditioned media har¬ 
vested, and analyzed for the presence of PGE2, PGF2 a, PGFIa 
thromboxane, L^p4 and LTC4 using radioimmunoassay. For the 
in vivo exposure study, groups of 5 rabbits were given a 
single 2 hr exposure to air, 0.1, or. 1.2 ppm ozone and sac¬ 
rificed lOMediately or 24 hr post exposure. AM lavaged 
from the exposed rabbits were cultured forv 6.hr and the con¬ 
ditioned media analyzed for eicorsanoids. Li vitro exposure 
to ozone resulted in a significant increase in PGE2 and, to 
a lesser extent, PGF2a production at both the 0.3 and 1.2 
ppm levels; no significant changes in PGF1a production 
were Observed for any of the ozone concentrations. LTB4, 

LTC4 and thromboxane could not be detected after ozone 
exposure. Regression analysis of the in vitro exposure PGE2 
and PGF2 o data demonstrated a significant linear concentra¬ 
tion-response relationship with the slope of the PGE2 re¬ 
gression being significantly greater than thav'of PGF2 a. 
Preincubation of A* with 10 ug/ml indomethacin inhibited 
prostaglandin synthesis after in vitro ozone exposure. In 
vivo exposure to 1.2 ppm resulted in significantly increas¬ 
ed quantities of PGE2 and PGF2 a released at both the imoe- 
dlate and 24 hr sacrifice points. After in vivo exposure to 
0.1 ppm, no change in prostaglandin production was observed. 
These results demonstrate that both in vitro and in vivo 
ozone exposure stlnjlates eicosanoid production by rabbit 
AM. The responses observed using the two exposure tech¬ 
niques were 'qualitatively similar, with quantitative differ¬ 
ences likely due to the higher effective ozone dose which 
would be expected using the in. vitro system. Increased pro¬ 
duction of prostanoids (particularly PGE2) may affect respi¬ 
ratory defense mechanisms. PGE2 Is known to down-regulate 
the functional activities of macrophages and other immune 
effector cells. Increased levels of this prostanoid in the 
alveolar *region represents a potential mechanism for the 
i^alred pulmonary defenses which have been observed after 
ozone exposure. 
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MORPHOGENESIS OF THE LUNG CANCER INDUCED BY DIESEL EMISSION 
- S.Kitamura,Y.Takaki,N.Kuwabara and Y.Fukuda,Juntendo 

rersity School of Medieine,Hongo,Bunkyo-ku,Tokyo,Japan. 


^ jjoigersii 
In ordeY 


In ordeY to observe the carcinogenesis of diesel emission, 
long-term inhalation studies were carried out on SPF F-344 
rats .(4 week of age) using a heavy-duty (11 liter) and 
light-duty (1.8 liter) diesel engin.Each exhaust gas was 
diluted to five levels concentration. A group of rats 
consisted of 120 males and 120 females for each level of 
exhaust gas concentration. Rats were exposed 16 hours/day, 

6 days /week for up to 30 months to exhaust gas. The 
experimental rats were kept microbiologically so clean and 
the rats showed no evidence o$ bacterial infection of 
respiratory organ. 

Hlstoldgicaly,the diesel particles were deposited in the 
interstitial tissue and phgocytosed by alveolar mAcrophages 
along with alveolar septum.These cadges were depenafen^on 
the duration of exposure and the exhaust gas concentration. 
Hyperplasia of the type II alveolar epithelial cells and 
bronchiolar epi thelium was increased with varying degrees 
of anthracdsis.This hyperplasia was a focal and scattered 
lesion until 12 months inhalation.However,over 18 months 
inhalation,those hyperplastic lesions extened to the 
adjacent alveolar spaces and fused with the other focal 
lesions turning into a diffuse pattern. In such diffuse 
hyperplastic lesion,there was papillary and solid epithelial 
proliferation with slight cellular atypia without nodular 
formation or compression of the adjacent tissue. Some of 
these findings were difficult to differentiate from adenoma 
and occasionally even the carcinoma.Over 24 months,squamous 
metaplasia was often observed in subpleural hyperplastic 
lesion with focal interstitial fibrosis. 

The incidence of primary lung tumors including adenoma, 
carcinoma and other tumors was dependent on heavy-duty 
diesel engin.However, the incidence was independent on 
light-duty diesel engiii. The majority of these tumors were 
squamous cell carcinoma and adenosquamous carcinoma. Pure 
adenocarcinoma was few in number. 

It can be concluded that morphogenesis of the lung cancer 
which is induced by diesel emission is related to 
hyperplasia and squamous metaplasia of bronchiolar—alveolar 
epithelial cells as precursorous changes. 
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THE EFFECT OF DUST INHALATION ON BACTERIAL CLEARANCE FROM 
THE LUNG - MJL Gilmour , F.G.R. Taylor and C.M. Wathes 
School of Veterinary Science, University of Bristol, 
Langford Bouse, Langford, Bristol, BS18 7DU, England. 

♦ 

Exposure to airborne dust nay compromise the respiratory 
defences of farm livestock by blocking non-specific and 
specific clearance mechanisms, thus predisposing to 
opportunistic and primary pathogens. To test this 
hypothesis we are examining the clearance of a bacterial 
infection, and the Immune response to that infection, 
during exposure to airborne dust. 

He have developed a model of respiratory infection in the 
mouse using Pasteurella haemolytica . Mice are subjected 
to various concentrations of an inorganic dust, titanium 
dioxide, and infected with P. haemoly tica by aerosol. The . 
bacterial clearance, specific serum antibody and lymphocyte 
sensitivity to Pasteurella antigen are monitored during two 
weeks post-infection. 

* • 
Prior exposure to airborne dust impaired bacterial 
clearance. The effects on the immune response subsequent 
to infection will be discussed. We conclude that dust 
particles of a respirable size adversely affect clearance > 
mechanisms, and that the effect is dose-related. 
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COMPARISON OF RESPIRATORY FUNCTIONS IN FISCHER 
*44 AND WI6TAR RATS - U. Heinrich and A. Wilhelm, 
Fraunhofer-Institut ftir Toxikologie und Aerosol- 
forschung, Hannover. FRG 

Various strains of Fischer 344 and Wistar rats 
have been used in basic research and toxicologi¬ 
cal tests of all designs and it is well known 
that these two strains differ in some biological 
data, e.g. growth rate, clinical chemistry, he¬ 
matology, spontaneous tumors a.o. 

In inhalation toxicology, lung function measure¬ 
ments are often used to assess toxic effects of 
inhaled material on pulmonary mechanics and dif¬ 
fusion. But, so far, there are no investigations 
comparing normal lung function of Fisher 34.4 and 
Wistar rats. 

Therefore/ we started to measure various * lung 
functions (mechanics and diffusion) in groups of 
fjpnale Wistar [Han: WIST] and 'Fischer [CDF (F- 
344) CrlBR] rats usings the whole-body plethysmo- 
^ graph and halothane anesthetised animals brea¬ 
thing spontaneously through a .transorally in¬ 
serted tracheal cannula. Spontaneous breathing- 
related ^lung mechanic's,. maximum flow-volume- and 
quasistatic 'lung pressure-volume relationships,, 
subdivisions of lung volume and CO diffusing ca¬ 
pacity were measuted. The animals were investi¬ 
gated at the age of approx. 4, 13 and 18 months. 
The^ most striking difference .between these two 
strains of rlats was the >significantly higher 
lung volume of the It weeks old Wistar rats com¬ 
pared to the 17 weeks old Fischer rat6, both ha¬ 
ving a mean body weight pf 220 g. This differen¬ 
ce in the lung volume was even more pronounced 
approx. 1 year lat'er, although, the mean body 
weight of both strains of rat6 had increased by 
50%. But, -only tfie size of the lung,and not the 
mechanical- property appeared to be different be¬ 
cause lung compliance and* resistance normalized 
to functional'residual capacity was very s inti la r 
in Fi-scher and Wistar rats. . 
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ELECTRON MICROSCOPIC STUDIES ON RAT LUNGS AFTER PROLONGED 
EXPOSURE TO DIESEL ENGINE EXHAUST, A.KATO . S,ISHIWATA, 
(HERP) , Japan Automobile Research Institute,/Inc., Yatabe, 
Taukuba—gun, Ibarakl, Japan. 


Inhexperiments on diesel engine exhaust were 
pcrfonn for 30 months using F344 rats. The. results of 
electron microscopic observations (TEM.SEM) on the respi^ 
ratory organs are. reported here. 

In the particle-containing groups, the main changes of the 
airway surface (SEM) during the .30 months of inhalation were 
irregularity, shortening or loss of cilia of the ciliated 
eplthella, and irregularly arranged protrusion or hyper¬ 
trophic foci of the non-clliated eplthella. The changes of 
the cilia were prominent in the trachea or main bronchi, 
however, the changes of the non-cillated cells were perdomi- 
nantly focused on the Clara cells of more the distal regions 
of the airways. 

In the alveoli (TEM), acceleration of phagocytotic activity 
at the surface of type I eplthella and uptake of particles 
into the attenuated cytoplasm were noticed. Proliferation of 
hypertrophic type H eplthella was noted with Increased 
microvilli and swollen or fused lamella inclusion bodies. 
Slight Increase of collagen fibers, edematous swelling and 
carbon laden macrophages in the interstitium of the"alveolar 
Walls were seen occasionally. In the alveolar lumen, macro¬ 
phages and laminated materials discharged from the type H 
eplthella were observed. These changes In the airways and 
alveoli were more prodHInt at the high dose groups of both 
the LD and HD series. These lesions also increased slightly 
with the lengths of inhalation time. On the other hand, 4£e 
particle influence experiment gave rise to a similar extent 
of lesions both in the particle-containing and the cqjre- 
sponding particle-free groups. Thus, the lesions of the 
airway eplthella seeled to be caused mainly by the effects 
of gaseous* components. 

Finally, electron microscopic morphometry shoved a dose- 
dependent increase of the arithmetic mean thickness of the 
air-blood barrier only in the groups in the LD series after 
inhalation for 6 and 12 months. However, after 30 mc&ths of 
inhalation, some groups showed marked variations In alveolar 
wall thickness, due to infiltration of leukemic cells into 
the interstitium and slight fibrosis. Therefore, it was 
difficult to differentiate the changes caused by diesel' 


iriments on diesel engine exhaust were 
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NASAL TUMOURS IN RATS AFTER SEVERE INJURY TO THE N&SAL ' 

MUCOSA'ANd EXPOSURE TO FORMALDEHYDE VAPOUR - V.J. Ferbn , 

H.R. Immel, L.M. Appelman, R.A. Woutersen and A. Zvart, 

TNO-CIVO Toxicology and Nutrition Institute 

P.0. Box 360, 3700 AJ Zeist, The Netherlands 

9 * 


Prolonged' expdsure to formaldehyde vapour may ind uce - 
nasal tumours in rats (Swenberg, J.A. et al., Cancer 
Res.,* 40, 1980, 3398; Albert, R.A* et ai>, J.Natl. 

Cancer Inst., 68) 1982, 597) and probably*• also in mice 
(Kerns, W.D. et al., Cancer Res. ,* 43,. 1983, 4382). 

To study the significancb. of daaage^inf 11cted upon the*' 
nasal mucosa for the induction j>f nasal tumours by 
formaldehyde' a long-term inhalation study was carried 
out in which male rats with a severely damaged (by 
electrocoagulation') or undamaged^nasal mucosa were 
exposed *to 1), .0.1, 1.0 or 10 ppm formaldehyde vapour for 4 
6 h/day, 5 days/week during a period ofr 30 months; or a 
period of 3 months followed by a nop-exposure period of ... 
27 months. The total number of rets was 880. 
preliminary results .suggest that chronic exposure of rats 
to 1 or 10 ppm formaldehyde lgada. to. a higher incidence * ‘ 
of nasal carcinomas*in rits with a damaged nasal mucosa 
than in rats with qn intaet nasal mucosa. 
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USE OF BRONCHOALVEOLAR LAVAGE TO ASSESS THE’TOXItITY OF 
AIRBORNE MATERIALS - R. F. Henderson and R. 0. McClellan* . 
Lovelace Inhalation Toxicology Research Institute, 
Albuquerque,. NM 87185 

r ' 

The epithelial lining fluid (ELF) of the respiratory’tract ' 
Is the first substance encountered by Inhaled materials. 
Analysis of this fluidvend the cells associated with It can 
be used to detect the InltlaT response of the respiratory 
tract to the Inhaled materlaT. ELF„can be sampled by 
bronchoalveolar lavage (BAL)., This technique has proven 

. useful In three areas of toxicologic' hesearch: 1) BAL can 
be used to detect an acute* .Inflammatory response Inf the ♦ 
bronchoalveolar region. Th4s approach has been used to 

* rank the pulmonary toxicity of a series of compounds (for 
example, a series of nickel salts) and to determine the * 
amount of a material In £he lun^'required to elicit an 
Inflammatory response. 2 ) BAL can 5e used to follow the 
progress of a lung Injury sequentially ^determine* if the 
Initial Inflammatory response leads to.normal repair or to 
chronic Inflammation 'qnd ^development of Irreversible li/ng 
pathology. It has been used ,1n this maAner to determine'tf 
the acute response of the lung to Inhaled particles Is 
predictive of the long-term effect of the particles 
retained In the lung. 3) BAL can be used to elucidate the 
pathogenesis of, various pulmonary disease*. "Analysis>of 
ELF for parameters sucfras mediators of ‘inflammation; * 
gv^rth factors, protease/antIproteasfc balances has bien an ^ 
aid In determining t^e*processes by which lung patholggy 

* develops. Advantages of BAL are that It Is quantitative, 
allows detection of early changes *1n the respiratory tract,* 
It can be done serlaTly, and It Is Integrative In that It ' r 
detects Inflammation at.any point in the lumlnat portion of 
the bronchoalveolar region, Disadvantages aVe that It is 

an Invasive procedure and results'are hot elte specific. 

BAL represents a valuable.addItionaV tool by which one can 
assess the response of the respiratory tract to inhaled 
toxins and Is comp>ementary to established methods such as 
hlstopathology, radiology, and pulmonary function 
assessment. [Research performed under^U.5. Department of ~ r - 
Energy Contract No. DE-AC04-76EV01013.] 
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TH l LARYNX AS A POTENTIAL TARGET ORGAN IN AEROSOL 
INHALATION STUMPS ON FATS - D.R. Kloftnfe , R.H. Qaetnan 
U.M. SnelJ-tn^s, D.E.‘ w Dgdd, and B. Ballantyne, Bushy Run \ 

Research Center, Export, PA J.^632. , • V 

‘ ^ 1 T v. 

The 'larynjj has been observed to be a target organ fttr the' 
participate*- fractLpn“, but not fop Ehe .vapor phase, o^ ' - > 

cigarette smoW (CoggLns et al. Toxicol. 16:83,'' 1980). In- 
conducting 2-v* 4-, and Xi-weejk liquid, aerosol inhalation 
studies (6'hr/<fey; tWAD { 4.5 m) on an aquedua silane 
k solution (ga i — o^ ^ethatiyldxypropyltfipethoxysilane), 

% laryngeal^ granuloabig yere produced in F-344 rats after as 
few As 9 exposures fe a mean aerosol concentration of 50 
mg/m 3 . Rats expose®-to vapors of the *same material for 9 
exposures* at mean concentrations up to 426 v mg/m 3 exhibited 
no laryngeal toxid^ty. In nei^er* aerosol nor vapor 
studies was th etwan indicatio'n%f lung toxicity. In the 
“ 4-wk aerosol study, scanning electron microscopy (EM)/ 
energy dispersive X-^ray analysis evaluations confirmed the 
► * presence’ of siliceous spheres of approximately 2 y in 

diameter in the submucosa of the larynx. The laryngeal 
granulomas appeared as a polypoid protrusion of the over- 
“ t lying mucosa ‘into the lumen of the airway. The siliceous 
w spheres were often surrounded by large numbers of epithell*- 
oid histiocytes with smaller numbers of giant cells also 
.« present. Transmission &1 Analysis indicated that the 
4 \ siliceous spheres were present .in the cytoplasm of squam- 
* qus mucosal cells, within histiocytes and fibroblasts in 
the submucosa,, and extracellularly in the submucosa. The 
side of the granuloma remained nearly constant in rats 
allowed a 13-wk non-exposure recovery following 13 weeks 
of exposure jat concentrations ranging from 50 to 244 mg/m 3 . 

Guidelines,(TSCA, FIFRA, OECD) for subchronic inhalation 
aerosol studies do not specifically require that the larynx 
be 'histologically evaluated. Furthermore, the site of the 
/" lesion appears to be quite specific, occurring posterior to 
( the ‘epiglottis in the ventral portion of the larynx at the 
Xs —lavgl of the vocal cords and immediately adjacent to the 
ventral laryngeal diverticulum. Because of the serial sec¬ 
tions required to achieve the specific site, a single random 
* section ) through the larynx would often miss a lesion unless 
it were quite large. The results of these studies raise the 
question of whether the larynx is a potential target organ 
for jLeroaols of silane compounds, or for many aerosol test 
compounds, bec^se of an unusual cellular sensitivity or an 
increased depo^tion and/or decreased clearance of particles 
in this aVea in the rat.. ’ \ 

+ Q >> 
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SUBCHRONIC INHALATION. STUDY OF PIGMENTED 
POLYMER IN RATS - H. Muhle 1 , U. Mohr 1 , S. Takenaka 1 , W., 

KocM. R. Fuhst *. R. Kilpper« and R. Mermelstein* 

v * > 

* 

1. _ Fmunhofer-lnstitut fur Toxikologle and Aerosolforschung, 
, Hannover 61, P.R.G., 

4 

2. 3oseph C* Wilson Center for Technology, Xerox 
Corporation, Rochester, New York, 14644, U.S.A. 


As part of a long-term investigation, a subchronic inhalation 
study of a pigmentfed polymer fraction was. conducted by 
exposure <$f groups of SPF F-344 rats for six hours/day, five 
days/week for 13 weeks. The test material is a Special 9600- 
type xerographic toner enriched about 10-fold in respirable size 
particles such that it is about 35% respirable according to 
ACCIH criteria. The nominal aerosol exposure concentrations 
werei), 1.0, 4.0, 16.0 an<f64.0 mg/m*. 

The animals tolerated the „ exposure conditions well;. no 
unscheduled deaths occurred. Body weight, clinical chemistry 
values, food consumption and organ weights were normal with 
the exceptions noted for the highest exposure group. Constant 
body weight and clinical chemistry values, slight decrease in 
food consumption and about 50% increase in lung weight were 
observed in the highest exposure group. 

i 

Histopathologicaf examination of the lungs indicated a dose 
related increase of particle accumulation and macrophage 
recruitment. A very slight degree of septal thickening of the 
alveolar structure was noted in the highest exposure groups. 
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LONG-TERM INHALATION STUDY WITH HAMSTERS ’ &ND 
MICE USING VARIOUS CADMIUM COMPOUNDS - U. Hein-* 
rich. R. Fuhst, H. Konig. L. Peters and S. Take- 
naka, Fraunhofer-Institut ftir Toxikologie und 
Aerosol^crse^mg. Hannover. FRG 

Inhalation of' 12.5. 25 and 50 ug cadmium/m 3 

in CdCl 2 for about, 150 hrs/veek for 18 months 
induced lung carcinomas in rats (Takenaka et al. 


the carcinogenic effect 


cir 

Cd- 


1983). Therefore, the carcinogenic effect of 
CdCl 2 and three othpr Cd-compounds (CdS0 4 . 
CdO. CdS) and the susceptibility of other spe¬ 
cies (hamsters, mice) toecited investigation. In 
this experiment, male and female Syrian golden 
hamsters and. female mice (NMRI) were exposed to' 
aerosols of four different Cd-compounds on ^ 
days/week, for 19 hrs/day or 8 hrs/day for 12 ^ 
16 months. After termination of the exposure, 
the animals were kept in clean air fbr another 
6-12 months. The Cd-exposure was terminated 
prematurely .if there was a substantial loss of 
body weight v or increased mortality. The preli¬ 
minary results of this experiment are: * 

After exposure to the different Cd-compounds for 
approx, one year followed by a clean air period 
of almost another year at the most, no neopla¬ 
stic alterations in the respiratory tract of the 
hamsters have been observed up to now. The.spon¬ 
taneous lung-tumor rate in the "lungs of the con¬ 
trol mice was about 32 \ after an* experimental 
time of two years. No additional tumor-inducing 
or inhibiting effect could be observed after 
Cd-exposure. 

Additionally, the Cd-cont en * of tl^e lung, liver 
and kidney was determined and correlated to the 
experimental time. 


/ 
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ENDOGENOUS LIPID PNEUMONIA INDUCED BY METHYL- 
NAPHTHALENE, A COMBUSTION GAS OF KEROSINE, IN 
CgBalf! MICE 

Y. Konishi , Y. Hmi , T. Taki , 

Y. Murata* and Y. Yokose* 

*Department of Oncological Patholoay, Cancer 
Center, Nara Medical College and ^Department 
of Biochemistry, Shizuoka College of Pharmacy 

m 

' Methylnaphthalene is a complex of and 6- 

isomer and exists as a contaminant in combustion, 
gas of kerosine. We found that endogenous lipid 
pneumonia was induced by-painting methylnaphtha¬ 
lene twice weekly on shaved skin on the backs of 
female BcC^F^ mice. Endogenous lipid pneumonia 
developed In 3/11 mice (27%) and 16/16 mice (100%) 
given 59.7 mg/kg body weight methylnaphthalene for 
61 and 105 weeks, respectively, and in 31/32 mice 
(97%) given 118.8. mg/kg for 61 weeks. Serial ^ 
killing study showed„that the requirement of 
times and doses for 100% induction of the pneu¬ 
monia was 10 weeks and a total of 7128 mg methyl¬ 
naphthalene in mice given 118,8 mg/kg and 
20 weeks and a total of 9504 mg in mice, given 
237.6 mg/kg body weight. S 

Bistopathologically, the pneumonia was charac- ^ 

.terized by swelling and proliferation of alveolar 
type-II cells, foam cell accumulation, the 
appearance of cholesterol crystals and thickening 
of alveolar interstitial spaces. Electron- 
microscopically, the number and size of lamellar 
bodies in swollen and proliferating type-II cells 
Vere increased and foam cells contained degene¬ 
rated lamellar bodies. Free lamellar bodies in 
• the alveoli were also observed. Biochemically, 
cholesterol and dipalmitoylphosphatidylcholin and 
minor phospholipid increased in the lung with the 
pneumonia. Trie phospholipid was purified and 
identified as phosphatidylglycerol. 

4 

These results give important information for 
understanding the underlying mechanisms of 
endogenous lipid pneumonia in mice. 


, Si 


|M%. 






Source:4https://www.ipdustrydacument3.ucsT.ed 


MODIFICATION OF LUNG TUMOR GROWTH BY HYPEROXIA - R.C. : 
Lindens chmldt* and H.P. Witschi; Biology Division, Oak 
Ridge National Laboratory, Oak Ridge, TN 37831. *Present 
address; Procter & Gamble Company, Miami /alley 
Laboratories, Cincinnati, OH 45247 

Recent, work in this laboratory shoved that continuous * 
exposure of mice to an atmosphere of 70% oxygen inhibited 
the development' of lung tumors initiated by a pulmonary 
carcinogen* In the present work, the effects of yperoria 
on lung tumor development were examined further in mice 
and also in a second species, ram* Male A/J mice were 
injected intraperitoneally with various doses of the 
carcinogen urethan or 3-methylcholanthrene (3-MCA) and 4 
days later placed into chambers containing either 21 % 0^ 
(ait control) or 70% 0« until sacrifice 4 months later. 
Exposure to 70% 0- significantly inhibited;the 
development of urethan or 3-MCA-induced lung tumors at all 
dome levels. A potential mechanism of action of hyperoxia 
on lung tumors, interference in DNA synthesis, was 
investigated using in vivo autoradiography. Oxygen (70%) 
did not inhibit the incorporation of thymidine into the 
DNA of mouse lung tumor celli. Hyperoxia and tumor 
inhibition studies were conducted in a second species. 

Male F344 rats were treated with a single'intratracheal 
instillation of 3-MCA and 1 week later were exposed to 
air, 40% or 70% 0 2 for 7 weeks. Rats kept in air 
developed multiple lung lesions identified as keratinized 
squamous carcinomas. Hyperoxia (both 40% or 70% 0^) 
significantly reduced both tumor multiplicity and %imor 
incidence. No differences were foundthe histologic 
appearance of the tumors in the treated and control rats. 
It is concluded that hyperoxia can inhibit development of 
transformed cells in vivo in the lungs of two speci^p* 
mice and rats. It appears that this inhibition is not the 
result of interference with DNA synthesis. (Oper*. by the 
Martin Marietta Energy Systems, 

supported by the post graduate 1 research training program 
administered by Oak Ridge Associated Universities for the 
U.S. Department, of Energy.) 















EFFECT OP A "NUISANCE" DUST INHALATION ON IMMUfiOLOGIC 

FUNCTIONS OF RAT ALVEOLAR MACROPHAGES -> M.-L. Lohmann- 

Matthes and.H. Muhle/ Fraunhofer-Inptitut fUr ToxDcolo- 

gie und Aerosolforschung, Hanftov#r f FRG, 

* - 

Particles for which no specific toxic effects are kifown 
are clarified as "nuisance" dusts. A general threshold 
limit vmLue has been established for^n occupational ex¬ 
posure. * « « 0 ' * ^ 

Test material were titanium dioxide* polyvinyl chloride 
powder (PVC) and iron powder at aerosol concentrations of 
3, 8 and 20 mg/m^. The exposure lasted up to 8 months. 
Alveolar macrophages from rats exposed to either dust 
or control air were tested for the following parameters: 
Production of tumor necrosis factor, spontaneous and 
activated extracellular cytotoxicity against tumor targets 
spontaneous and activated intracellular cytotoxicity 
against Leishmania microorganisms. High concentrations of 
PVC exposure resulted in a preactivation of alveolar ma¬ 
crophages documented in all assay systems. In addition an 
elevated susceptibility for further activation was con¬ 
sistently observed with these macrophages• 

In contrast high dosage exposure of iron powder resulted 
in a significant suppression of macrophages functions 
which was most pronounced in the extraceJ.lullr tumor cell 
• killing. The relevance of these results will be discussed. 


CARCINOGENICITY OF DIESEL EXHAUST INVALID CHRONICALLY BY 
RATS"- J.L. MaydeHy , R.K. Jones, W.C. Griffith, R.F. 
Henderson and R.O. McClellan, Lovelace Inhalation 
Toxicology Research Institute, Albuquerque’, NM 87185. 

Thg finding of mutagenic activity in diesel exhaust soot 
led tq concern for potential carcinogenesis in man. A 
chronic inhalation bioassay was performed in the rat to 
determine if diesel exhaust^ could be a pulmonary car¬ 
cinogen. Male and female F3447 Croats were exposed 7 
hr/day, 5 day/wk for up to 30 mo, beginning at 4 mo of 
age to automotive diesel engine exhaust at sogt 
concentrations of 0.35, 3.5 or 7.0 mg/m^ or sham 
exposed to clean air. Exhaust was gen^ated by 1980 5.7 
L Oldsmobi'e engines operated bn the Federal Test 
Procedure Cycle and burning certification fuel. Rats 
were sacrificed at 6 mo intervals to measure lung burdens 
of diesel soot and for histopathology. Other rats either 
died or were sacrificed after 30 mo of exposure. Lungs 
were fixed, sectioned into 3 mm slices and examined by , 
dissecting microscope to detect tumors. Lesions were 
stained and examined by light microscopy. Survival and 
body weight were unaffected by exposure. Exhaust 
* exposure did not affect body weight or survival. Other 
than soot accumulation’, no adverse health effects were 
'observed at the lowest exposure level. Focal fibrotic 
and proliferative lung disease accompanied a progressive 
accumulation of soot in the lung at'the two highest, 
exposure levels. After 24 mo of exposure, 20.8, 11.5 and 
0.6 mg of scot were present in lungs of rats at the high, 
medium and low exposure levels, respectively. The 
prevalence of lung tumors was significantly increased at 
the high (13%) and medium (4%) dose levels above the 
control prevalence (1%). Four tumor types, all of 
epithelial origin, were observed: adenoma; adenocar¬ 
cinoma; squamous cyst; and squamous cell carcinoma. 

Tumors occurred late during \he exposures; 81% were 
observed after .24 mb. Logistic regression modeling 
demonstrated a significant relationship between tumor 
prevalence and both exposure concentration and soot lung 
burden. These results demonstrate that diesel exhaust, 
inhaled chronically et a high concentration, is a 
pulmonary carcinogen in the rat. (Research supported by 
the Office of Health and^Environmental Research, U.S. 
Department of fnergy, under Contract No. 
DE-AC04-76EV01013.) 
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RELATIVE EFFECTS OF INHALED NITROGEN DIOXIDE AND DIESEL 
EXHAUST IN ADULT RATS AND RATS WITH DEVELOPING LUNGS - 
J.L. Mauderly, D.E. Bice, N.A. Glllett, R.F. Henderson, 
J.A* Plckrell and frfL. Wolff, Lovelace Inhalation 
Toxicology Research Institute, Albuquergue, NM 87185. 

There Is concern that Infants and children might be more 
sensitive than adults to the effects of Inhaled 
toxicants. In this stucly, the pulmonary effects of' 
Inhaled nitrogen dioxide (NO 2 ) and diesel exhaust (DE) 
in rats exposed as adtilts were compared to effects In 
fats exposedJiurlng lung development. Rats were Exposed 
7 hrs/day, 5 days/wk for 6 mo to NO? at 9.5 ppm, DE at 
3.5 mg/m? soot, or to clean air as controls. Two age * 
groups were studied; rats exposed beginning at 6 mo of ' 
age (adults) and rats exposed beginning at birth (young). 
Evaluations after the 6 mo exposure included respiratory 
function, airway fluid enzymes'and Cytology, pulmonary 
invnune responses, lung tissue collagen and proteinases, 
hlstopathology, clearance of radiolabeled particles; and 
Tung burdens of DE soot. NO 2 reduced body weight and 
altered airway fluids of both groups, but increased lung 
weight only In adults. DE altered airway fluid 
parameters and lung collagen and proteinases of both 
’groups, but Increased the number of cells in pulmonary 
lymph nodes and slowed particle clearance only adults. 
Lung burdens of soot were similar in both groups at the 
end of exposure, but the distribution of soot differed. 
Soot-laden alveolar macrophages formed focal aggregates 
In adults, but were scattered in ypung rats. Soot cleared 
from the lung more rapidly after the end of exposure In 
young rats than in adults. These results Indicate-that 
rats are not more sensitive to Inhaled NO 2 or DE during 
lung development than during adulthood. These findings 
also suggest that the response of macrophages to inhaled 
soot particles is different in adult and developing rat 
lungs. The results of this study suggest that there 
might not be a need to consider infants and children as a 
special risk group for Inhaled environmental pollutants. 
(Research performed in facilities provided by the Office 
of Health and Environmental Research, U.S. Department of 
Energy with funds provided under Agreement 83-13-2 with 
The Health Effects Institute.) 
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EARLY DISTRIBUTION OF AN INHALED RADIOAEROSOL IN RATS - 
A.N. Payne, I.W. Lees, M.J.S. Gazeley, P.M. Webbon & ’ G.E. 



Laboratories, 


. of Mediator Pharmacology, 
Beckenham, Kent. BR3 3BS; 


Wellcome Research, 
Centra! Analytical 


Laboratories. (Bipfogical), The Wellcome Foundation Limited, Dartford, 
Kent. DAI 5AH; and Qepts. of Medicine, and Surgery, The Royal 
Veterinary College Fiefa Site, North Mymms, Hatfield, Herts. AL9 7TA 


We have used a simple ;.and generally applicable isotopic method to 
compare the relative anatomical deposition and early distribution of 
aerosolised particles following head-only exposure of either conscious 
or anaesthetised rats. , 

Conscious or anaesthetised (Inactin 75mg kg 1 i.p.) male Wlstar strain 

rats (235-265g) were exposed for 10 min to a r^dioaer£|£l of dlsttited 

water containing a tracer amount (0.3 mCi ml ) of Technicium 

pertechnate. The aerosol was generated by a Tuqjet_jjet-uebuliser 

driven by compressed air 114 p.s.i.. flow rate 4L min ) delivering * 

approximately 0.2 ml min . The aerosol particle size distribution 

ranged from 0.7 - 15pm (mode 0.9pm, weight mean diameter of 9um). 

At the end of the exposure period each animal was sacrificed with 

CO,. The head, thorax and stomach regions were scanned for 

radioemission. Further readings were also taken from dissected 

tissues. (Table 1). _ „ 

* 

Table 1 Regional Y-radioemission (c sec* 1 ), energy peak^ 139-140 ,KeV. 
Field/Tissue Conscious % Total Anaesthetised 1 Total 

7 

Head 1116 ± 206 36.8 724 ± 53 73.6 

Thorax 380 ± 73 12.8 135 ± 26 13.8 

Trachea 32 ± 15 1.1 15 i 9 ..6 

Lungs - 134 ± 44 4.5 60 ±9 6.2 

Oesophagus 135 ±18 4.5 . 5 ± 2 0.6, 

Stomach - 1169 ± 621 38.6 26 ± 19 3.0 

Dubdenum 29 ± 20 . 1.0 5 ± 1 0.5 

Heart 28 ±11 1.0 6 ± 2 0.7 


All values represent the mean (± s.e. mean) resuTt from 5 animals in 
each group. / 

« 

In conscious animals, relatively little deposition and subsequent 
retention of radioaerosol mass occur r ed in the lower respiratory tract 
(LRT) compared with either the head regior* or the gastrointestinal 
tract (CIT). In anaesthetised animals, there was a very marked 
redaction in radiomission from the CIT coupled with an increase in 
the proportion o# radioaerosol retained in the head region. The most 
obvious explanation for this is a depression of the swallowing reflex. 
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CHRONIC EFFECTS FOLLOWING LONG-TERM EXPOSURE TO 
GASOLINE ENGINE EXHAUST IN RODENTS - U. Hein¬ 
rich, L. Peters, and B. Bellmann, Fraunhofer-In- 
stitut fttr, Toxikologie und Aerosolforechung. 
Hannover FRG. 


Long-term studies with diesel engine exhausts 
have shorn several chronic-toxic effects mainly 
in the respiratory tract of the experimental 
animals. Nowadays, however, at least in Europe 
about 90 % of automobiles burn leaded gasoline 
without catalytic converters. . It, therefore, 
also seemed essential to investigate the possib¬ 
le chronic-toxic effects of gasoline engine ex¬ 
haust in a long-term animal inhalation experi¬ 
ment. 

Rats and hamsters were exposed to gasoline en¬ 
gine exhaust for 19 hrs/day, 5 days/week for 1 up, 
to 2 years. The exhaust, was generated by a VW 
engine running on the US-72 driving cycle. The 
engine was operated with a leaded European refe¬ 
rence fuel. The exhaust wa6 diluted with clean 
air in ratios of about 1:60 and 1:30. The mean 
lifetime of the animals was not affected by the 
exposure. Only the rats exposed to the less di¬ 
luted exhaust showed a' lower body weight gain 
than the controls. Wet« and dry weights of the 
lungs and hearts of both species increased 
slightly.. Lead content was enriched in ^>lood and 
bone in correlation to that, of the exposure at¬ 
mospheres. Clinical-chemical, baematological, 
biochemical and cytological investigations pri¬ 
marily showed some Co-induced "changes in both* 
species, mainly in the 1:30 # exposure groups. 
Some of the exposure-related Effects' appeared to 
be reversible 6 months after* termination * of, the 
exposure. After two years of exposure the respi¬ 
ratory tract, being^ the main tatget organ in in¬ 
halation experiments, showed predominantly in 
the rats a deterioration of the alveolar lung 
clearance and altered mechanical lung "functions 
such as increased airway resistance and decrea¬ 
sed lung compliance. 
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THE ROLE OF COMPLEMENT IN THE EARLY PATHOGENESIS OF 
ASBESTOSIS - DB Warheit , LH Overby, and AR Brody. Du Pont- 
Haskell Lab , Newark, DE and N1EHS, North Carolina, USA. 

Asbestosis is a lung disease*clearly.associated with 
occupational and environmental exposure to inhaled asbestos 
fibers. The pathogenesis of this disease has not been well 
established. Pulmonary macrophages have been proposed as . 
the connecting link between fiber-induced inflammation and 
the develpment of pulmonary fibrosis. 

In experimental studies using rats and mice, we have 
previously shown that pulmonary, macrophages migrate to sites 
of asbestos deposition to form a component of an early 
.lesion. Here we report that inhaled asbestos fibers activ¬ 
ate a complement-dependent chemoattractant, thus recruiting 
macrophages to sites of fiber deposition, and facilitating 
the earliest lesloris of asbestosis. To support this con¬ 
clusion, inhalation studies were carried out where normal 
and decomplemented (CVF-treated) rats as well as congenic 
strains of C5-normal (C5 + ) and 1 C5-deficient (C5“) mice were 
exposed to chrysotile asbestos. In addition^ jLn vitro 
studies using pulmonary macrophage chepofaxls as a bioassay 
for complement activation were utilised. Our data shoved 
that incubation of asbestos fibers with rat serum or normal*- 
lavaged lung progelns produced a substantial chemotactic 
response (p<0.01). Moreover, proteins lavaged from the 
lungs of asbestos-exposed rats produced significant chemo¬ 
tactic activity when compared to sham-exposed controls 
(p<J.01). To investigate the role of complement iV facil¬ 
itating the macrophage recruitment response» C5 + and C5~ 
mice, as-welias normal and C^F-treated (cobra venom /actor) 
rats were exposed to chrysotile asbestos for brief periods 
and the macrophage response was quantified by scanning 
electron microscopy (SEM).'^ The numbers of accumulated 
macrophages were significantly decreased in the C5~ mice 
and CVF-treated rats (p<0<01). Time course studies shoved 
that chemotactic factor elaboration preceded the macrophage 
migration response (p<3.01). SEM x-ray spectroscopy 
revealed that decreased percentages of. macrophages from , 
CVF-treated, exposed rats phagocytized fibers. Ue conclude 
that complement activation by the inhaled fibers plays an 
Important role in the early development of asbestosis. 
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CELL-TO-CELL AND CELL-TO-FIBER INTERACTIONS IN'ASBESTOS- 
INDUCED LUNG DISEASE - KE Pinkerton & RR Mercer, University 
of California, Davis, CA and Duke University, Durham, NC. 


Although the mechanisms by vhioh asbestos fibers cause 
disease are not known, it appears that 'certain interactions 
between pulmonary cells and fibers are important* Recent 
work suggests that the accumulation and retention of asbdb- 
tos in the pulmonary interstitium plays a key role in the 
genesis of fibrosis. However, movement of fibers to the 
interstitium and those cells involved in the translocation 
and subsequent events leading to flbrosl? are not well 
understood. To address these questions morphometric methods 
and computer-assisted three-dimensional imaging were used 
to visualize and quantify these phenomena itf the lungs of. 
rats exposed by inhalation to chrysotile asbestos for up to 
12 months. Of particular Interest vejre associations of epi¬ 
thelial and inflammatory cells with mesenchymal cells in 
the presence o* asbestos fibers. Epithelial transport of 
fibers was found to be literally an extracellular event. 
Passage of fibers via membrane—lined channels through intact 
viable epithelial cells was noted with one end of the fiber 
in the airspace and the other end in the interstitium. 

Ctace fibers gained access to the interstitial compartment, 
an intense cellular response.was elicited consisting of 
fibroblasts, monocytes and macr.ophageq-. Three dimensional 
Imaging of interstitial cells demonstrated a close apposi¬ 
tion of monocytes and macrophages to fibroblasts with 
numerous plasma membrane contacts between these cells. 
Increased collagen deposition was commonly noted surround¬ 
ing these cell masses. Hiltiple cells acting upon a single 
fiber were commo n with portions of a fiber contained in an 
epithelial cell and interstitial macrophage or fibroblast. 
Macrophages were the only cells containing extracellular 
pockets in which portions of asbestos fibers had become 
coated with calcium phosphate deposits. These findings 
suggest that the epithelium plays an important role in the 
movement of respired fibers to the interstitium. The 
response of the interstitium to the presence of asbestos 
consists of numerous cell contacts between fibroblasts, 
macrophages and monocytes subsequent to collagen deposi¬ 
tion. The importance of these cell-to-cell communications 
and cell-to fiber interactions are likely to be central to 
the genesis of asbestos-induced lung disease. * 


DEGENERATIVE, INFLAMMATORY, AND PROLIFERATIVE LESIONS OF 
THE NASAL MUCOSA OF RATS AND MICE EXPOSED BY CHRONIC 
INHALATION TO SELECTED ORGANIC CHEMICALS WITH POTENTIAL 
FOR HUMAN OCCUPATIONAL EXPOSURE - R.A. Renne , E.A. Miller, 
W.E. Glddens, Battelle Northwest Laboratories, Richland, 

WA 99352, G.A. Boorman and R.R., Maronpot, National 
Institute of Environmental Health Sciences, Research 
Triangle Park, NC 27709. 

Several industrially important organic chemicals were 
selected by the National Toxicology Program for 
carcinogenicity/toxicity assays by chronic inhalation 
exposure. Groups of 50 Fischer 344/N rats and B6C3F1 mice 
of each sex were exposed in inhalation chambers to one of 
two or three concentrations of the test ehemlcal for 6 hours 
per day, five days per week for up to 103 weeks. Rats and 
mice developed a wide spectrum of lesions in the nasal 
mucosa in response to inhalation exposure to these 
chemicals. Inhalation of propylene omlde Induced epithelial 
tumors, hyperplasia, squamous metaplasia, and chronic 
rhinitis in rats and primary vascular tumors in the nasal 
mucosa of mice. Propylene Induced nasal epithelial 
hyperplasia and squamous metaplasia in rats. Methyl 
methacrylate Induced rhinitis and olfactory epithelial 
degeneration in rats and mice. 1,2-epoxybutane Induced 
nasal epithelial tumors in rats and epithelial 
hyperplasia, squamous metaplasia, degeneration, and 
inflammation in rat^and mice. 1,3-butadiene Induced 
chronic rhinitis, osseous and cartilaginous metaplasia, 
and olfactory epithellalpdegeneratlon in mice. The 
morphology of these induced lesions will be described. 
Illustrated, and compared with nasal lesions reported by 
other investigators in rodent inhalation toxicity and 
carcinogenesis studies. 
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LONG-TERM INHALATION STUDIES ON EFFECT OF EXHAUST FROM 
HEAVY AND LIGHT DUTY DIESEL ENGINS ON F-344 RATS - Y.Takaki. 
S•Kitamura, N.Kuwabara and Y.Fukuda,Juntendo University 
School of Medicine,Hongo,Bunkyo-ku,Tokyo,Japan. 

• 

In order to observe the carcinogenesis of diesel emission, 
long-term i nha lation studies were carried out on SPF F-344 
rats(4 weeks of age) using a heavy-duty(11 liter) and light- 
duty (1.8 liter) diesel engin.Each exhaust gas was diluted 
.to five levels concentratIon,and was supplied to each 
inhalation chamber £n the barrier.A group of rats consisted 
of 120 males and 120 females for each level of exhaust gas 
concentration.Rats were sacrified at 6-, 12* 18i24 and 30 
months.In addition,an experiment for observing the 
influences of particle was carried out using diluted and 
filtered exhaust gas in which particles of exhaust had been 
removed. 

Hlstopathological examination revealed during 30 months of 
inhalation,swelling and hyperplasia of type-II alveolar 
epithelial cells surrounding the particle,hyperplasia of 
bronchiolar epitheiia toward peripheral air space.These 
changes were found in the lungs after 6 months exposure.The 
number of the foci and the extent were Increased in relation 
to the duration of exposure and the exhaust gas 
concentration.The incidence of primary lung tumors Including 
adenoma,carcinoma and other tumors was dependent on heavy- 
duty. diesel engin.However,the incidence was independent on 
light-duty diesel engin. 

In the study of the' filtered exhaust gas,there was no 
difference of histological changes ox the lung from those of 
the control group. 

Leukemia,breast tumor and other tiasors were not 
significantly increased in the experimental group as well as 
the control group following 30 months inhalation. 


HYALURONIC ACID IN BR0NCH0ALVE0LAR LAVAGE; A MARKER OF 
FIBR0TIC DEVELOPMENT IN QUARTZ-EXPOSED RATS? - G. Tornlinq, 
A. Eklund, CT. Unge and R. Hernbrand, Department of Thoracic 
Medicine and Department of Clinical Chemistry, Karolinska 
Hospital, $-104 01 Stockholm, Sweden. 

The level oF hyaluronic acid (HA), a connective tissue 
component, in bronchoalveolar lavage Fluid (BAL) is corre¬ 
lated to decreased lung volumes in sarcoidosis. In order to 
investigate whether hyaluronic acid could be a marker oF 
Fibrosis in another interstitial lung disease, silicosis, 
we measured the level oF HA in BAL Fluid From rats exposed 
to silAa by intratracheal instillation. Three animals were 
exposecjto 40 mg crystalline silica containing 98 % quartz 
with a me an diameter*oF 1.2 urn. Three animals were exposed 
to 4Mllg amorphous silicon dioxide with crystalline compo¬ 
nents less than 1 % and with a mean diameter oF 0.05 urn. 

One rat was sham injected wi t+^physiological saline. The 
total number oF recovered alveolar cells was increased in 
the rats exposed to crystalline silica. There was a marked 
increase in the proportions oF neutrophils and lymphocytes. 
The level oF HA was higher in the* quartz-exposed rats ; £mean 
54 ug/1) than in the animals exposed to amorphous silicon 
dioxide (mean 7 ug/1) and the sham injected rat (2 ug/1). 
Microscopic evaluation oF the lungs revealed massive pulmo¬ 
nary Fibrosis in the quartz-exppsed rats but not in the 
other animals. Thus, theN^vel of HA in BAL Fluid in rats 
exposed to crystalline silica seems to be a possible marker 
®F Fibrotic develgpment. 



















AGE-DEPENDENT CHANGES AND NON-NEOPLASTIC SURFACE 
PROTRUSIONS IN THE LARYNGEAL AND TRACHEAL EPITHE¬ 
LIUM OF THE SVRIAN GOLDEN HAMSTER (MESOCRICETUS 
AURATUS) - C. Brockmeyer and U. Heinrich, 
Fraunhofer-Institut fqr Toxikologie und Aerosol- 
forschung, Nikolai-Fuchs-Str. 1, 3000 Hannover 61, 
FRG 

The interior of the larynx and trachea of 8, 12.5 
and 17-month7old hamsters was examined using 
scanning electron microscopy. Some of the -speci¬ 
mens were successively embedded in Epon and inves¬ 
tigated in semithin sections by light microscopy. 4 
Between the 8th and 17th mopths of life, simple 
metaplasia and slow mucus cell hyperplasia 
occurred in the hamster tracheae. Whilst an 
increase in mucus cells occurred between the 
cartilaginous rings, simple metaplasia was con¬ 
spicuous in the surrounding large patches of 
unciliated cells, which covered the tracheal car¬ 
tilages in the young hamsters. Flat or dome¬ 
shaped cells with microvilli covered the glottis 
and supraglottis of the 8-month-old hamsters 
where ciliated cells were rare. The vocal cords 
weYe covered by flat cells with microfolds and 
microridges. The older hamsters showed the same 
form of surface ^differentiation in the false fold 
area also. ^ 

Although no tumors were present, three types of 
surface protrusion were visible: (1) slow pro¬ 
jections of tracheal mucosa caused by submucosal 
calcifications; (2) variously formed aggregations 
of mucus which protruded from mucus glands; and 
(3) papillary hyperplasia of the vocal cord 
mucosa. 


\ 
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POPULATION STUDIES IN RISK ASSESSMENT: STRENGTHS AND. 
WEAKNESSES - Margaret R. Becklake . McGill University,* 
Montreal, Quebec. Canada. 

Epidemiologic studies provide information on the distri¬ 
bution and determinants of health related events in popu¬ 
lations. Use is made of whatever method or.study design 
(prevalence, case control, cohort) is appropriate’to the 
health related event in question, depending amongst other 
things -on its nature. Incubation tirae,^pd the certainty -> 
with which it is possible to establistrtf diagnosis! Expo¬ 
sure response relationships make an important contribution 
to establishing cpus^lity particularly when an environ¬ 
mental agent is under scrutiny. Applicability the 
findings to risk assessment and to environmental standard 
setting, in the workplace or in the public health context, 
is directly Elated to the, extent to which the environ¬ 
mental measurements used, to characterize exposure are 
quantitative rather than qualitative. 

Asbestos is a topical example to illustrate the strengths 
and weaknesses of population based Information in this 
context. It is also one responsible for malignant as well 
as nonmalignant lllhealth effects, thus challenging both 
molecular anJ*experimental biology (to explain mechspisms) 
and epidemiology (to quantitative fisk). For this agefit, 
too, the epidemiologic data base is probably more extensive 
than for any-other. It? major strength (and this is true 
for any population data base) is biologic: human data does 
not require account to be taken of species differences. In 
addition, many occupational exposures have been reasonably 
well characterized in terms of alrbrone fibres or dust, and 
they usually involve definable populations whose health 
status can be*directly assessed. Sample size, when limited 
to a particular workforce, may reduce sensitivity. Never¬ 
theless workplace standards, reasonably broddly based, have 
been framed around the risk of developing pulmonary fibro¬ 
sis (asbestosis). A weakness of the data base is its in¬ 
sensitivity at low levels of exposure. Nevertheless because 
there is almost no epidemiologic data on the health conse¬ 
quences to the general public of environmental exposure , 
eg. in schools or building, extrapolations from t£e occu¬ 
pational data base have been used for risk assessment to 
the public, the major concerto being cancer. Alternative 
strategies,-also epidemiologic, are however available for 
assessing the Impact on the public's health,*for instance 
monitoring sex trends In mesothelioma incidence, and these 
mj^ht also provide an approach to risk assessment. 
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HUMAN CLINICAL EXPOSURE STUDIES: BODY, BOX OR PANDORA’S 
BOX - M.J. Utell , University of Rochester Medical Center, 
Rochester, NY 14642 | 

Controlled clinical studies have provided <a means for 
exagimfM: responses to air pollutants identified from 
epidpflKogic studies. Typically, the exposures are 
perforSd in environmental chambers and tjie responses are 
assessed by indices of respiratory mechanics. To date, 
inhalation studies have identified general, patterns of 
lung function response in specific subpopulations. 

Several observations from clinical studies will be 
discussed to illustrate the relevance of t^ese findings. 
Jor example: IV after inhalation of ozone, normal and 
asthmatics.manifest equivalent reductions in lung volumes 
at similar pollutant concentrations. 2) With acute 
exposure to the soluble gas SO 2 or acidic sulfate 
particles, asthmatics may be an order of magnitude more 
sensitive than healthy adults and characteristically show 
changes in flow rates and airway resistance. 3) In 
contrast, following inhalation of the oxidant NO?* 
responses have been less consistent and more difficult to 
characterize "but ( have included both obstructive'and 
restrictive changes in volunteers with underlying airways 
disease. In order to examine mechanisms of pollutant- 
induced tcpcicity, the technique of bronchoalveolar lavage 
has. been introduced into controlled clinical studies. 
Endpoints studied to date have included influx of 
inflammatory cells, measurement? of products of 
arachidonic acid metabolism, analysis of proteins atid 
enzymes released by, alveolar macrophages, and lavaged 
leukocyte antiviral activity. Recently, other approaches** 
available in the clinical arena including nasal lavages 
and clearance rates of radiolabelled aerosols from the. 
airway to the blood have been adapted to 4 evaluate 
pollutant responses. Although the clinical study cannot 
monitor the development of chronic disease from exposure, 
data from the "body box" has ispacted substantially on 
-our understanding of acute pollutant-induced^effects. 
Further efforts to characterize subpopulations at rislc 
and examine mechanisms of, response using pulmonary data 
from controlled pollutant studies are clearly warranted. •* 













OCCUPATIONAL EXPOSURE STANDARDS IN EUROPE: / 
HISTORY, PRESENT^STATUS AND FUTURE TRENDS - 
D. Henschler, Instituteof Toxicology, University 

of WiirzburgFed.' Rep. Germany 
* ^ 

'The first exposure standards were published in 
Germany as early as ,1886 by K.L. Lehmann.. By 1938, 
more than 1.00 short- and long-term' standards had 
been proposed. At present, Germany, the Nether¬ 
lands and Sweden.prepare their own lists of .stand¬ 
ards? some T>ther countries who up to now have 
used the US TLV-List are now starting initiatives 
of their own. Although the legislative background 
differs widely, all lists have important general 
features in common:., separation of scientific eval¬ 
uation from political decisions; consideration of 
field experience as well as animal experimenta¬ 
tion; handling *of carcinogens as 4 a special cate¬ 
gory; preparation of monographs to elucidate the 
background for setting individual standards• 

The establishment of occupational exposure stand¬ 
ards is based on the assumption that thresholds 
of toxic effects do exist. Some model cases 
d emo nstrate the existence of a threshold have beeiT^ 
published. Prerequisites for thresholds are: € 
reversibility of the relevant tokic effect; re¬ 
versal of the toxic effect must have zero order 
kinetics; on repealed exposure, a steady-state 
level of the occupational toxicant must be reached 
which is regarded as safe; sufficient knowledge 
about the mechanism of action must be available. 

Most standards are, however, based on insufficient 
empirical information. At present, new philoso¬ 
phies are being elaborated to create “safe* stand¬ 
ards foi some types of occupational carcinogens. 

During the past two decades, some new entries into 
the lists of standards have been made: classifi¬ 
cation of occupational carcinogens, regulations 
for peak vs. time—weighted average exposures, 
applicability or inapplicability of standards for 
women of child-bearing age. Recently, the EEC, has 
again tried to establish a common list for the 
European member *states. 


CURRENT APPROACHES/FOR DETERMINING WORK PLACE EXPOSURE 
LIMITS IN THE USA - T.B. Lewis . National Institute for 
Occupational Safety and Health, Cincinnati, OH 45226 

* 

Application of research findings to the development and 
support of work place exposure Units for chemical 
substances in the United States of America is performed by 
several organisations — the Occupational Safety and 
Health Administration (OSHA), the Mine Health and Safety 
Administration (MSHA), the National Institute for 
Occupational Safety and Health (NIOSH), the American 
Conference of Governmental Industrial Hygienists (ACGIH), 
the American National Standards Institute (ANSI), the 
American Society for Testing and Materials (ASIM), the 
American Industrial Hygiene Association (AIHA) and 
individual states. It is the function of OSHA and MSHA to 
promulgate legal standards. NIOSH has responsibility for 
developing criteria and making recommendations to OSHA and 
MSHA for the promulgation of ldgal standards. Individual 
states also promulgate standards which are legal within 
their respective jurisdictions. Recommendations by the 
other organisations, are not legally binding, but are 
often voluntarily assumed by industry and may be adopted 
at legal standards by regulatory agencies. Industries, in 
turn, also develop work place exposure limits for 
application to their particular facilities; this is 
particularly important when' an Industry is the sole 
manufacturer or user. 

By contrast to certifying food additives, drugs and 
pesticides, there are no formalized testing requirements 
for determining the hazards from chemical substances 
used within the work environment. However, the key 
question to be addressed io determining occupational 
exposure limits is what levels pose significant hazards 
to health and what levels can be accepted without undue 
risk to health. Development of occupational exposure 
limits involves review and evaluation of available 
technical Information on a chemical substance and 
publication of written documentation supporting a proposed 
exposure limit which then may be adopted by a^ sponsoring 
professional organization (ACGIH, AIHA, ANSI, ASTH) or 
promulgated into lew by regulatory agencies. 
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CORRELATION OF CARCINOGENIC POTENCY ESTIMATED FROM ANIMAL 

AND HUMAN DATA - K,S. Crump , B.A. Allen,*A.M. Shipp, 

'Crump and Company/Clement Associates, Inc^, Ruston,^J^rT127Q 

ibis study provides a detailed and systematic investigation 
of the correlation between estimates of carcinogenic potency 
derived from aaimai ' and human data. Chemicals included are . 
all those for which suitable animal and human data could be 
located and for which there are strong indications that the 
chemical is carcinogenic in either animals or humans. 
Twenty-three chemicals were "found to satisfy these criteria; 
these include thirteen industrial chemicals (for which expo¬ 
sures are primarily via inhalation), seven drugs, two food 
additives or contaminants, and tobacco smoke. The human 
• data on each of these chemicals were used to calculate a 
carcinogenic potency and a corresponding range. The a nim a l^ 
data were entered into a computer data base that permitted a 
vide range of analyses to be performed systematically. The 
analyses performed to date indicate a strong correlation 
between the animal and .hujMto^Sresults . These correlations % 
are strongest when analyses are restricted to the higher 
q ual ity animal data. These results indicate that estimates 
of human cancer risk can be reasonably based on animal data. 
They also provide information on the uncertainty in such 
estimates and on the most appropriate ways to extrapolate 
•animal data to humans. The analysis approach that most 
'nearly approximates that used by the U.S. Environmental 
Protection Agency appears generally to overestimate risk in 
humans from the chemicals in this analysis by about 
sevenfold. 



OZONE REMOVAL IN THE NASOPHARYNX AND LUNGS OF NORMAL MAN 
DURING TIDAL BREATHING - J.J. O'Nel I , T.A. Gerr1,ty, R.A. % 
Weaver, J.H. Berntsen, J.H. Overton, and F.J. Miller, 
Inkalatlon Toxicology Division, U.S. Environmental 
Protection Agency, Research Triangle Park, NC 27711, 

School of Public Health, University of North Carolina, 
Chapel Hill, NC 27514, and Environmenal Monitoring 
Services, Inc., Chapel Hill, NC 27514. 

♦ 

The purpose of this study was to determine the amount of 
ozone removed In the nasopharynx and lungs of normal volun¬ 
teers In order to better estimate the actual dose of ozone 
delivered to pulmonary tissues. Respiratory gases In 10 
young non-smoking male subjects were collected from the 
posterior pharynx through a French #8 polyethylene tube 
which was connected to a rapidly responding ozone rfialy- 
zer. Ventilation was measured using the Respltrace (TM) 
Inductance plethysmograph. Each subject was asked to 
’breathe at one tidal volume during all measurements by 
targeting volumes which had been previously established 
during spontaneous resting breathing. Subjects employed 
three modes of breathing (oronasal, nasal, and oral) with 
two frequencies (12 and 24 breaths per minute Ibpml) and 
were exposed to three ozone concentrations (0.1, 0.2, or 
0.4 ppm). Ozone removal In the supra-laryngeal airways 
was calculated from the concentration measured In the pos¬ 
terior oropharynx during Inspiration and ozone removal by 
the lungs from the concentration measured In the posterior 
oropharynx during expiration. Significant, though small, 
differences were observed in the oronasal removal of ozone 
with 48.1+1-07%, 41,3+1.06$ and 45.0+1.06$ removed during 
oronasal, nasal, and mouth breathing, respectively. An 
average of 46.0+0.9$ and 43.6+0.9$ was removed at 12 and 
24 bpm, respectively. Of the ozone which reached the pos¬ 
terior pharynx, the lungs removed 89.2+0.4$ and 85.3+0.4$, 
respectively, at 12 and 24 bpm. While the differences In 
these data at each mode of breathing are probably of lit¬ 
tle physiological significance, they permit one to calcu¬ 
late the amount of ozone removed by the tissues and are 
similar to the values calculated using dosimetric models 
prevlouslv/ierIved In this laboratory. It, thus. Is pos- 
sioleWu Translate concentration-response carves to dose- 
response curves for mean changes of pulmonary function In 
man. This permits analysis of exposure patterns to be dev¬ 
eloped for assessment of health effects from exposure to 
ozone, This Is a proposed presentation and does not 
necessarily reflect EPA policy* 








OZONE CONCENTRATION - RESPONSE RELATIONSHIP: IMPLICATIONS 
FOR STANDARD SETTING AND RI$fc ASSESSMENT. M.J. Hazucha , 
University of North Carolina at Chapel Hill, Center for 
Environmental Medicine, Medical Research Building C 224H, 
jMUtpel Hl.ll;. ifc *27514 

*F , , 

A detailed comparison or literature-reported averaged decre¬ 
ments In pulmonary function of normal subjects exposed to 
ozone has been undertaken. The ..data r base was formed by 
Including data published'during the past 20 years, from stu¬ 
dies which reported at least one of th£ pulmonary function 
variables (FVC, FEV^, PEP 25 - 75 * RAW), acquired at 2 hours of 
exposubes utilizing either original or modified Bates- * 
Hazucha (Intermittent exercise) protocol, and satisfied 
selection criteria. The final set of data (24 studies 
Involving 299 subject*), was divided by ventilation rate 
(exercise loads) into 4 categories: light, moderate, high, 
and .very high ventilation level. For each variable (FVC, 
etc.) and x ventilation level a quadratic function has been * 
fitted to the data using regression procedures. The curve 
parameter estimates have been computed, tabulated and sta¬ 
tistically evaluated. The slope (quadratic coefficient) for 
eactit variable within a group and almost all variables bet¬ 
ween groups were significantly different from zero and from 
each other at p < 0.0001 level. Very high regression coef¬ 
ficients (r ■ 0.823 - 0.991) makes tjie models acceptable for 
quantitative predictions) of pulmonary function decre¬ 
ment (s). Furthermore, the analyses show that neither "ef- 
factive rat*" (the product of minute ventilation and O 3 
concentration), nor "effective dose" (the product of O 3 
concentration, minute ventilation and exposure time) are 
valid concepts. Although individual studies, because of 
their Inherent design limitations, might appear to support 
the validity of such calculations, a comprehensive eva¬ 
luation of all data available does not confirm It. Further, 
a critical appraisal of the data base and derived models 
does not provide any convincing argument for the presence of 
a threshold, i.e. an O 3 concentration below which no 
(measurable) pulmonary function change occurs In group stu¬ 
dies. Less reactive individuals might.not show a measurable 
response below a certain exposure level, which could be 
interpreteda threshold; however, the cumulative data 
best fit a continuous model. The introduction of a 

threshold Into, the tested models dld^not improve^the fit, 
further supporting the arguments against tne evidence or a 

relative threshold. 
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SHORT-TERM EXPOSURE EFFECT RELATIONSHIPS FOR .OZONE: 
INFLUENCE OF CONCENTRATION, EXPOSURE TIME PER DAY AND 
DURATION OF EXPOSURE - P.J,A.Rombout . L.van Bree, 

J .A.M.A.Dormans, M.Marra and S.H.Heisterkamp, National 
Institute of Public Health and Environmental Hygiene, 
Department of Inhalation Toxicology, 3720 BA Bilthoven, The 
Netherlands. * 

A large discrepancy exists between the actual conditions of, 
population exposure to ozone and the clinical exposures 
upon which health standards for ozone are * mainly based. 
Actual ozone exposures to 60% of the maximum 1 h value may 
last 10-12 h per day for several consecutive days or weeks. 
Clinical studies typically use exposure times of ozone to 
three tiours. 

To investigate the possible health consequences of this 
discrepancy , rats were exposed to ozone jjB&er carefully 
controlled conditions to determine the relative influence 
of concentration, exposure time per day ’ and exposure 
duration. The factors under scrutiny were quantitatively 
evaluated by increases in pulmonary antioxidant enzyme 
activities and bronchoalveolar protein accumulation. In 
addition, pulmonary morphological alterations were 
qualitatively evaluated. Exposure-response relationships 
were^ established for ozone concentrations of 150-1000 
Mg/m , exposure times of 2-24 h per day and exposure 
- durations of 1-16 days. 

Both concentration and exposure time per day had a ' very 
significant positive influence on the ozone-induced 
response whereas the contribution of exposure duration was 
only about half of that of exposure time. ^ 

Typically, ozone concentrations of 2-300 /jg/m caused' 
significant biochemical and morphological alterations after 
continuous exposu« for several days. Similar pulmonary 
alterations were %>bserv^d alter an 8 h exposure for the 
same duration to 800 pg/ni . 

In vjffew of an adequate ozone health risk assessment these 
results support the need for clinical exposures with longer 
than usual exposure times and -durations. Moreover, these 
data favour the introduction of an additional lower ozone 
standard with a longer averaging time (e.g. 8 h) and/or an 
appropriate reduction of the present 1 h standards. 
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PULMONARY FUNCTION TESTS IN THE RISK ASSESSMENT OF THE 
EFFECTS OF AMBIENT OZONE: AN ADVERSE HEALTH EFFECT OR A 
NEUROMEDIATED REFLECTORIC RESPONSE? - J. J. Vostal * General 
Motors Research Laboratories.yifarren* MI* U.S.A. 

A growing body of experimental evidence documents that 
respiratory airways and lung parenchyma are -the targets for 
injury due to high concentrations of ozone.* Minimal 


changes In pulmonary function only are produced by low 


ambient concentrations (£0.3 ppm) of ozone that are not 
detected by epidemiology"”or* animal experiments and can be 
observed solely in controlled human exposures. Minor 
decreases In peak. respiratory flow rates* reported In 
children during summer camp activities* suffer from large 
variability of Individual measurements. In view of sig*i 
nifleant confounding factors, such as cl^ma or learning 
effects (Lloy et al., 1985)* the field studies remain 
unconvincing. In addition* the forced expiratory volume 
decrements found after 0.2 ppm ozone In controlled human 
exposures do not represent on the average more than *M5 % of 
the iHsec exsplratory volume (FEV 1 ) even after the heaviest 
exercise (U.S. EPA* 1986). The physiological significance 
of these changes -is uncertain since both the narrowing of 
the airways as well as the Inhibition of maximal insplra** 
tjon, whether voluntary (due to discomfort) or Involuntary 
(due to reflex pathways), are mediated by-neural stimula-i 
tion rather than by a direct effect of ozone on the sensia 
tlve respiratory airways.' Pretreatment with atropine 
prevents an Increase in airways resistance and partially 
blockq a decrease In FEY- (Beckett et al.* 1985). The 
observed decrement In pulmonary function tests must be* 
therefore* inevqfereted as a transient stimulation of the 
airways' vagal receptors which does not have £he character 
of an adverse health effect and cannot serve as a sclentlf*- 
lc basis for meaningful air quality regulations. Inter* 
Individual differences in the sensitivity of nervous receptt 
tors also explain why some fraction of tested subjects 
("responders") show greater than \ 0 % reduction in FEV- 
after exposures to 0.12 ozone (McDonnell et al.* 1983) and 


oppose 


assumption ; that the responders represent a 


specific population subgroup Recent animal experiments 
support the negative findings at nearttamblent ozone levels 
since no permanent changes occur after continuous long-term 
exposures unless the concentrations are as high as 0.6S0.7 
ppm (Gross and White, 1985* Wright et al.* 1986); i.e. 
levels nearly twice as high as the highest reported ambient 
ozone concentrations. 
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Exposure to MMMF in the indoor non-occupational 
environment » G.R. Lundqvist, Institute of Hygiene, 
Universitetsparken Bygning 180# DK-8000 Aarhus C, 
Denmark 



Du presence of man-made mineral fibres (MMMF) in 
the indbor non-occupational environment has been 
connected with the occurence of acute discomfort 
and complaints in particular from the eyes, the 
mucous membranes and the skin. In addition it has 
been debated, wheatber a possible long-term risk 
may be associated with inhalation of even small 
quantities of respirable fibres. 

It has in a recent field study beet) shown, that the 
number of children present and their activities 
during the day in a day-care institution with mi¬ 
neral wool slabs, is of dicisive significance for 
the mineral fibre content of the indoor air compa¬ 
red to the basic condition during the night hours. 

In addition it appeared, that variations could be 
registered from day to day and to the time spend 
on surface cleaning routines in the institution. 

However the number of fibres released from the cei¬ 
ling stirface material made of compressed mineral 
fibres was less than 1:100 to 1:1000 of the TLV 
for occupational exposure, and only a small fraction 
of the total dust and Suspended Particulate Matter. 

4 

Testing of MMMF-slabs for release of fibres i^a 
climate chamber and exposure models based on expe¬ 
rimental data will be described. / 


\ 








i 


mmm 


MINERAL PARTICLES IN THE LUNGS OF SUBJECTS RESIDENT IN 


URBAN AREA - L. Paoletti et al., Istituto Superiore di Sa 

nitA, Viale Regina Elena# 299 -'00161 Rome# Italy 

Ve started to investigate the airborne mineral 
particulate to which a population resident in an urban 


area is exposed. 


This was done by studying 'the mineral content in 
lung parenchyma autoptic samples of a group of subjects 
having lived in an urban area but not having been 
professionally exposed to dusts. Much importance has 
been attached to obtaining data on the exposure of the 
population to asbestos fibers in an urban area and to 
assessing the type and magnitude of the possible sources 


of such a pollutant (motor-vehicle traffic# consumer 
products# etc.) by studying the fiber mineral^typS^L 

In the samples studied, up to date a total of seven- 
teen mineral types were identified along with sixteen 
metal elements in the form o^f oxides and sulfides. 


\ 


The frequent observation of tremollte fibers# an 

* t 

amphibolic asbestos type, was remarkable. 

It is expected that the collection of a population 

M 4 

4 

sample as established by the selection protocol (about 

X * 

200 subjects), will be completed by 1987. 
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INFLUENCE OF XENOBiOTICS ON THE TOXICOKINETICS OF 
TOLUENE IN MAN - M. W*ll£r», National Board of Occupa¬ 
tional Safety and Health, S-171 84 Solna, SWEOEN 

^enobiotics can be expected to influence the toxicoki¬ 
netics of inhaled, occupationally used, solvents in 
man. In a series of experimental exposure studies the 
toxicokinetics of toluene were investigated (1) in 
coexposure to inhaled p-xylene, (2) in coexposure to 
simultaneous oral Intake of ethanol, (3) In occupatio- “ 
naldy solvent exposed volunteers, (4) in painters with 
sub^Qt^l^e susceptibility to solyent exposure, and (5) 
in conn^tion with cigarette smoking. 

(1) A mutual decrease in the blood/end-exhaled air con¬ 
centration ratio was found for toluene and p-xylene 
when given in combination compared with separate expo¬ 
sure. 

(2) The effects of ethanol were a decrease in the total 
and relative uptake as well as the apparent clearance 
of toluene and an increase in the toluene concentration 
in the blood. The solubility of toluene in blood was 
increased following coexposure to ethanol. 

(3) After long term occupational exposure no effects on 
the uptake and disposition of toluene were seer, in 
painters as compared to a non preexposed group. 

(4) When the painters were subdivided into groups w,ith 
and without high subjective susceptibility to solvent 
exposure, no differences were observed in the toxicoki- 
netic parameters studied. 

(5) Smokers were found to have a smaller elimination 
rate of toluene after giving up smoking than during 
their smoking period. The decrease in the apparent 
clearance was dependent on a smaller total uptake 
without a corresponding decrease in the blood concent¬ 
ration of toluene. 


The toxic 
more adver 
the acute 
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effects caused by toluene do not seem to be 
se by the coexposures with the exception of 
intake of ethanol. However, altered toxlcoki- 
toluene caused by p-xylene or similar cbm- 
by personal habits such as moking, moderate 
take of ethanol, dietary factors, intake of 
have to be considered especially in the case 
cal monitoring and risk assessment. 
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Source: hrttps://www.industrydocuments.ucpf.edu/docs/fmhlOOOO 
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